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American Lava Corporation, Chattanooga 5, Tennessee, has 


issued a new chart giving the mechanical and electrical 
properties of AlSiMag custom-made technical ceramics. 


AlSiMag is the trade name of a large fam- 
ily of technical ceramic compositions. These 
compositions have different physical, elec- 
trical, mechanical and chemical charac- 


teristics. AlSiMag ceramics are custom-made 
to specifications. 


The chart covers seventeen of the more 
frequently used AlSiMag compositions and 
is the most complete chart yet issued in this 
field. A new feature is a selection chart 
which simplifies and speeds the selection of 
the most useful composition for the individ- 
val requirement. This selection chart indi- 
cates lower cost materials in BOLD FACE. 
This helps the product engineer to design 
for utmost economy. 

Some properties, such as thermal expan- 
sion, dielectric strength, in relation to thick- 
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LAND, 38-B Brattle St., Cambridge, Mass., Kirkland 7-4498 ¢ ST. 


ness and temperature are presented in 


graphic form. 


Many special AlSiMag compositions have 
been developed to meet specific conditions. 
These are too numerous to chart. If chart 
indicates general characteristics of value, 
modifications to suit your special applica- 


tion may be available. 


Designing engineers, production technicians 
or purchasing agents will find chart helpful 
in their search for materials for unusual 


applications. 


The AlSiMag Property Chart is sent free on 
request. Request as many copies as you 


need to cover your organization. 
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AlSiMag custom-made _ technical 
parts are extensively used as: 
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textiles, wires, paper twine, etc. @ Extrusion 
dies for such products as pencil leads, bat- 


tery carbons, soft wires, explosives, etc. 
Gas burner tips * Controlled atmosphere 
welding tips ¢ Oil burner ignition insulators 

Ceramics for hermetic seals e 
ceramic combinations © Air-acid jet nozzle 
inserts @ Polishing heads for delicate final 
polishing operations © Cores and inserts for 
precision castings @ Strainer cores for metal 
foundries * Cut-off cores for metal found- 
ries @ Refractory pins and plates in small 
sizes and special shapes © Work holders 


Metal- 


for electronic heating devices * As a re- 


placement for parts made of plastic, wood 
or machined metal wherever a wear resist- 
ant part is required @ In short, wherever 
electricity, heat, chemical or certain abrasive 


or friction conditions must be controlled. 
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The simple statement ‘believed to be the largest 
ine-hoist motor in physical size ever built in this 
ountry”’ applied to this 3000-hp d-c machine (shown 
ere being assembled on the factory floor in Schenec- 
ady) adequately describes this piece of equipment 
or certain purposes—perhaps even, as the saying 
oes, ‘‘for all practical purposes”’ if we add the state- 
ent “capable of lifting 12 tons of ore nearly half a 
ile a minute.” Terminology employed in ratings 
ust be more explicit, particularly for voltages of 
-c equipment. This is the subject of the article 
eginning on page 36. 
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Please send me your bulletin, GET-1819, that describes the new Type 
EJ-6 Current-limiting Power Fuse. 
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eee AND. THEY’RE LISTED B‘ 
UNDERWRITERS’ LABORATORI 


These new General Electric Type EJ-6 current-limitina 
power fuses are for application on 600-volt a-c (en 
below) circuits where the short-circuit current ma: 
reach 100,000 amperes. You get increased protec 


tion when you use EJ-6 fuses. 


Standard NECS size fuses are availabl: 
in 30, 60, 100 and 200 ampere sizes in both 250 
and 600-volt ratings. All ferrules and blades hav: 
silver surfaces to reduce contact losses. Fuses wi 
interrupt 100,000 rms amperes total asymmetrica 


current including the d-c component of fault current 


The new EJ-6 fuses are designed to fi 
standard NECS fuse clips. Also available are special 
design clips that prevent the insertion of other NEC: 
fuses. Short-circuit stresses cannot jar fuses loos 
from these clips. Protect your equipment and person 
nel by allowing only fuses of high interrupting capac 


ity to guard your circuits. 


For additional information on these new fuses as 
your G-E Sales Representative for a copy of publi 
cation GET-1819 or use the handy coupon. Apparatt 
Dept., General Electric Co., Schenectady 5, New York 


856-30 


July, 1951 


U. S. Pat. 2,181,076 


High tractive efforts . . . sustained brute tonnages . . . impose super 
brush requirements on the generators and traction motors of today’s 


Diesel Electrics. 


Speer carbon brushes reflect the latest engineering advances and repre- 
sent years of manufacturing experience .. .““Service” designed to meet all 


industry requirements. 


If you have a “brush” design or maintenance problem why not take advan- 
tage of Speer’s complete laboratory facilities? Write us, today. 


@ 6435 
brushes - contacts - welding electrodes - graphite anodes - rheostat discs - packing rings: carbon parts 


CARBON COMPANY | 
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ADJUSTING A NEW TYPE OF SYNCHROTRON 


A nonferromagnetic synchrotron with wire coils instead of an iron-core electromagnet—designed for 
producing 300,000,000-volt x-rays—has been built under the joint sponsorship of the Office of Naval 
Research and the General Electric Research Laboratory. The machine has been operated 

in its first phase and will be used in studying effects of high-energy radiation. (See p. 45) 


ERE are a few fundamental facts that may help in 

gaining a little better picture of how atomic en- 
gy may possibly, or even probably, enter into the 
iture of the electric-power industry. 

Unfortunately, there seems to be no possibility of 
irect conversion from the splitting atom to electric 
ower. The usable energy released in an atomic pile is in 
ne form of heat. Just as the heat generated in the com- 
ustion space in an oil-fired boiler is carried away by the 
eam, so the heat released in an atomic pile must be 
arried away by a heat-transfer medium, such as a gas 
ra liquid. 

It is not practical to generate steam within the 
ile itself, for two main reasons. First, the steam 
aving the pile would be radioactive, and consequently 
he turbine, condenser, and all piping would need heavy 
hielding. Second, fluctuations in the water level would 
isturb the nuclear equilibrium within the pile, intro- 
ucing a very difficult control problem. 
| The power pile which General Electric is designing 
ill use a low-melting-point liquid metal as the primary 
eat-transfer medium. This liquid metal will be pumped 
hrough the pile, absorbing the heat generated and 
atrying it to a heat exchanger. All this part of the equip- 
vent will be very radioactive and must be heavily 
hielded. In the heat exchanger, water will pick up the 
eat, producing steam to supply a turbine. The steam 
iping and turbine will need no shielding. 

For a better understanding of the situation, it is 
1ecessary to consider also some facts about the atomic 
vile itself. When an atom of U-235 is hit by, and ab- 
orbs, a sub-atomic particle called a neutron, it splits 
nto two parts, releasing a lot of energy, and—this is 
nost important—spills out two or three other neutrons, 
vhich then are ready to contact other atoms of U-235 
ind thus keep the chain reaction going. Now, less than 
ne percent of natural uranium bears the magic U-235 
abel, so if we use natural uranium as a fuel the active 
yart of the pile must be physically large. 

If we use concentrated U-235, extracted from natural 
iranium, or one of the artificial elements, such as 
lutonium, or U-233, which can be produced in an 
tomic pile, then the active part of the pile can be made 
nuch smaller, and the factor which determines the 
yhysical size is the necessity for providing enough heat- 
ransfer surface. 


This article is so paged that, without mutilating other articles, it can be 
eadily removed for filing as a group of full-size consecutive pages.—EpIToR 
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\TOMIC ENERGY’S PLACE 
IN YOUR PLANS FOR THE FUTURE 


By HARRY A. WINNE 


Vice President, In Charge of Engineering Policy 
General Electric Company 


But regardless of how small we make the active part 
of the pile or reactor, it must be surrounded on all sides 
by a shield to protect personnel from deadly radioac- 
tivity. This shield must be thick and heavy—the equiva- 
lent of, say, five to ten feet of concrete. Incidentally, the 
intense and long-persistent radioactivity of the pile 
structure after it has been in operation introduces a lot 
of problems in maintenance. However, in our opera- 
tions at Hanford we have found that these problems are 
not insuperable. 

The heat output rate of a pile can be controlled quite 
easily and simply. As stated earlier, an atmosphere of 
neutrons is necessary to keep the chain reaction going, 
just as an atmosphere of oxygen is required to keep a 
coal or oil fire burning. Now it so happens that there are 
certain elements, of which boron is one, which have a 
great affinity for neutrons, but which simply absorb 
them and don’t release any others. So, in the piles at 
Hanford there are a lot of boron-coated steel rods which 
can be moved into or out of the pile by remote control. 
To lower the power output, the operator simply pushes 
a button which causes a rod to move farther into 
the pile, so it eats up more neutrons, leaving fewer 
available for the chain reaction, and the power output 
drops. It really is simpler than controlling an oil-fired 
boiler. 

Yes, control is easy, but there are still a lot of tech- 
nical problems to be solved in building a power-produc- 
ing pile to operate at the high temperature necessary 
for good efficiency. 

These problems are being attacked in a number of 
places, including the Knolls Atomic Power Laboratory 
which General Electric is operating for the Government 
at Schenectady. This is a $25,000,000 facility, staffed by 
about 1400 people, of whom 250 are technical. 

The power pile which General Electric expects to 
construct near Schenectady, for the A.E.C., was origi- 
nally intended to be a small developmental land power 
plant. Now, however, in order to implement the present 
thinking of the Atomic Energy Commission as to the 
importance of military developments, this is being de- 
signed as a prototype of a naval-ship power plant. As 
had been expected, the Company’s experience in operat- 
ing Hanford is proving very helpful in the developmental 
work on the power pile. 

I am certain that our technical problems will be 
solved. If that statement is taken at full face value, then 
probably at least four major questions arise in mind. 
First, is there enough atomic fuel; second, how many 
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dollars; third, when; fourth, how much government 
control? Let’s consider these briefly. 

I believe we shall have an adequate atomic- sees 
supply in the long-term future. Uranium is a fairly 
abundant element. Although presently known con- 
centrated deposits are few, methods are being de- 
veloped for working the low-grade ores. True, the 
fissionable U-235 constitutes only 1/140 of natural 
uranium, but here is where breeding and conversion 
come in. 

As mentioned earlier, when a U-235 atom grabs a 
neutron and splits, it releases from two to three more 
neutrons. Now only one of these is needed to split 
another U-235 atom and thus keep the chain reaction 
going. The remaining one or two can go wandering 
around in the pile looking for other playmates. If one 
lands on an atom of U-238, the much more abundant 
kind of natural uranium, an atom of plutonium is pro- 
duced, and plutonium is a fine atomic fuel. So we have 
used up one atom of fuel, released its energy, but have 
in addition a new atom of fuel. 

In the piles at Hanford we are doing just about this, 
but we believe it is possible to build a pile which will be a 
real breeder and, on the average, use more than one of 
the extra neutrons for new fuel production. If we can do 
this we shall generate power and end up with more 
atomic fuel in the pile than we had at the start. Further- 
more, the much more abundant element thorium can be 
converted to fissionable material in the same way. So I 
think we can have plenty of fuel. Consider also that the 
energy from one pound of fissionable material is equal 
to that from burning about 214 million pounds of coal. 

Now we come to cost, and this item we know but 
little about. A recent A.E.C. paper states that the av- 
erage cost of presently planned experimental reactors is 
something over $10,000 per equivalent electrical kilo- 
watt output. Not exactly cheap! But that should not 
discourage us. Fifty years ago the theory of the gas 
turbine was known just as the theory of the reactor is 
today. But suppose the building of a power-producing gas 
turbine at that time had been a command performance, 
like the development of the atomic bomb. I imagine the 
buckets and combustion chambers might have been 
made of platinum! What do you think the cost per kilo- 
watt of such a unit would have been? And that’s about 
where we are today in the atomic-power field. 

And now, when? In my opinion, a long time—twenty 
to forty years perhaps before atomic energy can have 
any effect on our electric-power industry. Develop- 
mental power-producing piles probably will be operating 
within three to five years—we hope to have a ship-pro- 
pulsion prototype going by that time—but the bigger 
piles will come more slowly, and the real time-deter- 
mining factor will be economic. Tremendous govern- 
mental expenditures can accelerate remarkably the 
development of a gadget such as an atomic bomb, or 
a developmental power plant, but I think we cannot 
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greatly collapse the time cycle for the economic ef 
velopment of such a fundamental phase of an industry 
Let’s think of the gas turbine again. Would millions o of 


dollars expended in development fifty years ago have 
made it economical within a few years? I think not! 


Fifty years ago the needed knowledge of materials: 
and fabrication was not available. More than that, thee 
tools to develop this knowledge were not in existence: 
No industrial x-rays, no spectrographs, no arc welding, 
no stainless steels, no electric furnaces. Some of thed 
metallic alloying elements we use today had not eveni 
been discovered. 


What new tools and new knowledge do we need in: 
order to build economical atomic-power plants? I don’tt 
know, but I am willing to bet that our engineers and. 
scientists will find out in the decades to come! 


Well, let’s assume it is, say 1975, and that we can build: 
and operate atomic-power plants at competitive costs. | 
Can these be free from rigid government control? I] 
think so! 


Under present conditions, with practically all of the: 
country’s production of fissionable material going into 
bombs, and with such emphasis on secrecy, it is obvious; 
that the government will retain complete control of alll 
reactors. Even so, it could sell to utility companies any’ 
electricity generated, or even steam, or heat in some: 
other form. 


But I cannot conceive that present conditions will | 
continue for very many years. There must be a limit to: 
the useful size of a bomb stockpile. Our potential enemies | 
will, in time, probably know as much about atomic 
energy as we do—possibly more! So the need for secrecy 
should disappear. 


When atomic bombs become as common and widely 
spread as T.N.T. and other munitions, I see little chance 
for effective international control of atomic energy. 
If we are smart enough to find a means for preventing 
all war, then international as well as national control 
may become unnecessary. 


So, in the reasonably near future, I visualize the 
opportunity for the government to discontinue entirely, 
or nearly so, its operations in this field, allowing private 
industry to forge ahead. I cannot forecast whether our 
government will wish to take advantage of this oppor= 
tunity. 


On the whole, for the long pull, Iam optimistic about 
atomic energy in the power field. Today, and for a 
good many years to come, it need not be considered 
as a competitor of coal and oil. But utility executives 
should not forget it. They, and especially some of their 
engineers, should, insofar as possible, keep informed 
on progress in this field so that, at all times, they can. 
give due consideration to this new source of energy. In_ 
my opinion the development will be evolutionary, rather 
than revolutionary, and atomic energy will only supple- 
ment and not supplant coal and oil as fuels. 
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By W. E. CASEY 


Manufacturing Policy Division 
General Electric Company 


HE meaning of salvage in modern industry has 
been expanded in recent years. The ordinary con- 
ept of securing the maximum return for materials which 
lave been rendered temporarily unusable, for one reason 
r another, is thus made to include the idea of prevent- 
ng the generation of waste through improved utiliza- 
ion of both productive and nonproductive materials. 


Collection, segregation, preparation and disposition 
f scrap caused by normal processing (turnings, bar 
nds, skeletons, etc.), defective workmanship, accident, 
nd obsolescence remain an essential part of the salvage 
epartment job, but to these has been added the neces- 
ity for joining forces with product design engineers, 
ool engineers, purchasing and manufacturing personnel 
n controlling the amount of scrap generated and in re- 
onverting to usable form the greatest possible amount 
f the scrap which has been generated. This broad 
pproach to the salvage problem has been, in effect, to 
nake salvage everybody’s business, and it has resulted 
in marked economies not only in material but also in 
irect labor and the indirect expense of manufacturing. 


CO-OPERATIVE EFFORT 


Increasing the utilization of materials as purchased 
requires that every factor affecting the part—its mate- 
rial, its design and its method of manufacture—be con- 
sidered. The process is, by its very nature, a co-opera- 
tive one and enlists the talents of engineering, methods, 
and production personnel. 

The product design engineer has as his primary re- 
sponsibility the development of product design and the 
preparation of engineering specifications for release to 
the factory. He must determine the best way to com- 
bine all the desirable functional characteristics of the 
product into a presentable and commercially acceptable 
design. At the same time, he must design the various 
individual parts so that the product can be made at the 
lowest possible manufacturing cost consistent with the 
established standards of quality. It is in the latter phase 
of his work particularly that salvage becomes the design 
engineer’s business. Since it is his responsibility to 
specify the form and substance of the individual parts 
as well as of the end product, he occupies a strategic 


a This article is so paged that, without mutilating other articles, it can be 
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EDUCING THE GENERATION OF WASTE: 
A COST-CUTTING TECHNIQUE 


educing the generation of waste at every opportunity is both 
he individual and co-operative responsibility of everyone who 
as any part in producing today’s manufactured products. 
hen there will be the minimum of waste to be salvaged 
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position in the campaign to eliminate waste by prevent- 
ing its generation. His plan of attack may be as simple as 
liberalizing unnecessarily close tolerances which are 
causing a high percentage of scrap loss in manufacture, 
or changing “‘special”’ parts in his design to ‘“‘standard”’ 
parts that can be obtained at a very much lower cost. 


STANDARDIZATION 


The- simplicity of the standardization approach does 
not in any way minimize its importance in the program 
to conserve materials. The effectiveness of standardiza- 
tion is especially apparent in job-shop operations in 
which new models are added over a period of years to 
meet the requirements of certain customers. Obviously 
it is essential for design to meet customer requirements; ~ 
but frequently such new models differ in only a very 
small degree from models already in production. This 
results in additional engineering drawings, more pur- 
chase orders for smaller lots of material, and more fre- 
quent set-up changes with short production runs, all of 
which tend to generate waste, not only in materials but 
also in time and effort. The design engineer can do much 
to correct these conditions by reviewing existing models 
for the purpose of consolidating models and features. of 
models so that requirements can be covered by as few 
models as possible. 

The standardization program of a manufacturer of 
steel cabinets is illustrative of what design engineering 
can contribute to the technique of salvage. In this in- 
stance, the product line consisted of 73 different models 
which provided a choice of 6 heights, 16 widths and 4 
depths, some dimensions of which varied as little as one 
inch. Since dimensional differences of several inches had 
little effect on the installation and use of this equipment 
it was possible to standardize a line consisting of 12 
models, which offered a variety of 2 heights, 3 widths 
and 2 depths. With standardized outside dimensions, 
the next step was the redesign of the component parts. 
The standardization by model made this a relatively 
simple task. As there were only two heights and two 
depths, only 4 separate side panels were required to 
assemble the line of 12 models. Further, since only two 
heights were involved, only two corner pieces were re- 
quired for assembling the entire line. The program was 
carried through to include a review of the hardware 
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Fig. 1. 


was 36 percent 


required, and the 12 different door handles previously 
specified for the 73 original models were reduced to one 
vendor’s standard for all of the 12 redesigned models. 
In all the number of parts required to manufacture a 
representative line of cabinets was reduced from 156 
to 43. 


EFFECTIVE PLANNING 

As was pointed out earlier, the attack on waste is a 
co-operative one and one of the most effective combina- 
tions is made up of the design engineer and the tool 
engineer. Working together, these two can eliminate 
waste by developing designs that lend themselves to 
the most economical method of manufacture. The de- 
sign engineer must incorporate the essentials of function 
and structure, while the tool engineer, with his respon- 
sibility for providing the special tooling, the general pro- 
duction facilities, and the planning instructions neces- 
sary to manufacture the product, can, during design 
development, propose modifications in the structural 
design which will make possible the use of faster, 
simpler, and more economical manufacturing processes. 


An example of this team approach was found in 
developing a major design change in a product that pro- 
vided the solution to a critical manufacturing problem. 
Much of the difficulty that had been encountered in the 
manufacture of the product stemmed from a design 
which specified the use of grey iron castings for struc- 
tural members. One of the castings served as the upper 
member of the unit frame and also as the housing for 
the operating controls of the equipment. This construc- 
tion gave the product strength far in excess of what its 
usage required and added a great deal of unnecessary 
and undesirable weight. The machining operations on 
the casting were slow and expensive and the portion of 
the casting that was exposed to view required meticulous 
hand finishing operations prior to final painting. 


The product was made the subject of a joint study by 
a team of design engineers and tool engineers, who 
developed a new design which retained all the functional 
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Typical strip skeletons of 
sheet material remaining after the 
production of a group of pieces 
(also shown) by individual single- 
operation punch presses. Material 
utilization by this arrangement 
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Fig. 2. Skeletons of material remaining after production of the samei 
parts as in Fig. 1, but by a strip layout for a six-station progressive die in: 
the punch-press operation. Material utilization by this arrangement, 60) 
percent 


features of the original and at the same time was much 
easier to manufacture. The dual-function casting was 
replaced by two separate pieces, one of sheet metal to: 
serve as the structural member, the other a plastic: 
cover to accommodate the controls. The use of sheet 
metal permitted replacement of expensive milling and] 
drilling operations with lower-cost press work and, with} 
the use of the plastic cover, eliminated the need for’ 
high-cost hand finishing. Although the substitution of ! 
sheet metal increased the amount of scrap generated | 
and involved a higher cost per pound for material, the : 
reduced weight of required metal permitted a greatly ’ 
lower material cost per unit. In conjunction with the: 
plastic cover, the sheet metal offered further the ad-: 
vantage of eliminating the need for a dial case, as the 
instruments could be flush-mounted from the rear, 


IMPROVED TECHNIQUE 


The application of improved techniques in handling 
the work at the machine provides the tool engineer with 
wide opportunities for salvaging both material and labor. 
In many instances sheet metal parts are still being made 
by methods that result in the generation of an excessive 
amount of waste material. Where hand-fed presses not 
equipped with feed stops are employed, the amount of 
material fed at each press stroke is dependent on the 
judgment of the operator, and even the most experi+ 
enced will, at times, under- or over-feed strip lengths 
with an attendant loss of good material. Measured feed 
against positive stops, on the other hand, makes certain 
that only the predetermined off-fall will result. Scrap- 
cutting attachments on the presses free the operator of 
the task of disposing of the strip skeleton which would 
have had to undergo further handling and preparation 
before it could command the most favorable price in the 
scrap-metal market. 


Examination of strip skeletons often indicates to the 
tool engineer how the improved nesting of parts will 
contribute to the salvaging of good material. The 
skeletons shown in Fic. 1 remained after the manufac- 
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ure of a group of parts on individual single-operation 
resses. All the parts were made from steel strips that 
ere similar, but not identical, in quality and gage. 
n the large ring, the material loss amounted to 64 
ercent of the amount purchased. Since the quality 
f the steel for the ring was equal or superior to that 
pecified for the other parts, and the variations in gage 
ere so slight that they could be ignored, the opportunity 
xisted for using the scrap from the ring for the manu- 
acture of some of the smaller parts. After some ex- 
erimentation, the strip layout shown in Fic. 2 was 
leveloped. Using a six-station progressive die, it was 
ossible to get from one strip all the parts which had 
ormerly been obtained from 6 strips, and material 
tilization of the one strip was increased from 36 per- 
ent to 60 percent. 


In another instance, as shown in Fics. 3 and 4, the 
ool engineer was able to effect a 30-percent reduction 
n the scrap generated simply by changing the orienta- 
ion of the die. 


ONSERVATION OF VALUABLE MATERIALS 


The salvage activities of the tool engineer are not 
estricted to reducing the amount of productive mate- 
ials required and limiting the quantity of scrap gen- 
rated. In specifying the tooling, he not only must 
onsider the savings in production time made possible 
y high-speed tooling, but he must also be constantly 
lert to the opportunities of conserving the valuable 
vaterials from which the tools themselves are made. 
hile the salvage factor is, of course, not the strongest 
eason for its use, the appropriate application of Car- 
boloy cemented carbide supports this program in 
several ways. 

Insofar as single-point cutting tools and milling cut- 
ters are concerned, the use of tools with brazed or in- 
serted Carboloy tips on low-carbon steel shanks or 
bodies provides longer tool life and permits replacement 
of only the cutting tip when the tool is worn out. High- 
speed-steel tools, on the other hand, are one-piece; and 
once further regrinding is not feasible, and the tool 
worn beyond the point of salvage, the entire tool must 
be scrapped. This naturally involves the loss of a con- 
siderable amount of expensive material. 

Similarly, the use of Carboloy is conducive to mate- 
rial conservation in tool maintenance. It is still cus- 


Diagram that is typical of one die arrangement for producing 
a given punched part 


Fig. 3. 
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tomary in many plants for the operators to re-grind 
their own high-speed-steel tools at grinding wheels lo- 
cated throughout the machining area. During these 
“touching up’’ operations, a varying amount of the 
steel will be ground away. While the loss from any one 
tool may be slight, the great number of tools so touched 
up every day makes the aggregate loss in high speed 
steel considerable. This loss is eliminated where 
Carboloy tools are used, because all Carboloy tools 
must be ground in a central tool crib under carefully 
controlled conditions. 

The introduction of Carboloy for blanking and draw- 
ing dies also tends to reduce scrap losses. These dies can 
be run 10 to 20 times longer between regrinding than 
steel dies. The frequency of regrind set-ups is thereby 
lessened and the material consumed in set-ups is pro- 
portionately less. Furthermore, the development of 
burrs is much slower and more gradual than is the case 
when steel dies are used, and the chances of producing 
punchings of sub-standard quality are thus decreased. 


DISCRIMINATING PURCHASE 


The purchasing department also shares part of the 
salvage job. This responsibility extends through 
practically every phase of its activities in securing 
adequate quantities of materials at the lowest cost con- 
sistent with established quality standards. In consulta- 
tion with the design engineer, buyers draw from their 
knowledge of availability and cost of materials to sug- 
gest those which, by reason of their particular suitability 
will minimize waste generation and promote greater 
over-all economy. In collaboration with the processing 
specialists, buyers contribute their knowledge of ven- 
dors’ facilities and capacities in deciding which parts 
can be most economically purchased and which should 
be the product of in-plant manufacture. The buyers 
contribute further to waste prevention by working with 
the process engineers in the development of slit widths 
of strip and sheet stock such that extra charges will not 
be incurred and of material multiples such that exces- 
sive losses will not occur in coil and bar-ends. Similarly, 
the selection of bar sizes as near as possible to the 
finished dimensions will reduce the amount of material 
to be removed in machining operations. The details of 
schedules worked out with the suppliers of materials 
are also factors that contribute to cutting down mate- 
rial losses because the hazards of deterioration and 


(Continued on next page) 
Fig. 4. Diagram of reoriented die arrangement for producing the part 


‘shown in Fig. 3 from a narrower strip, thus effecting a 30 percent reduction 
in scrap material 
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VOLTS—INSTANTANEOUS (LOGARITHMIC SCALE) 


100,000 


DESIGN ENGINEERS 


CAN YOU USE 


A RESISTANCE MATERIAL 
in which / varies as 4? 


@ 


may be the an- 

swer to some of 
your circuit problems. It is a silicon- 
carbide ceramic material, dense and 
mechanically strong, having nonlinear 
resistance characteristics—the resistance 
varying as a power of the applied volt- 
age. Its resistance characteristic is stable, 
and substantially independent of polarity 
or frequency. Thyrite® has been used for 
many years in important applications, 
including electronic. It can be produced 
in various shapes and sizes (those which 
can be successfully molded). 


Some of its MANY APPLICATIONS 


For protective purposes (to limit voltage surges). 

As a stabilizing influence on circuits supplied by 
rectifiers. 

As a potentiometer. (The division of voltage can be 
made substantially independent of load current.) 

For the control of voltage-selective circuits, either in- 
dependent of or in combination with electronic devices. 


10~* 19-4 10~* 107? 107? 10~ ’ 
AMPERES—INSTANTANEOUS (LOGARITHMIC SCALE) 


Typical volt-ampere characteristics of Thyrite resistors of 
several resistance levels and power ratings. Note that the 
nonlinear voltage-current characteristic extends over an ex- 
tremely wide current range. Compare it with the characteristic 
(heavy line) of a 1-megohm linear resistor. Apparatus Dept. 
General Electric Company, Schenectady 5, N. Y. ‘ 


Contact your nearest G-E office for additional data 
or address Transformer & Allied Product Divisions, 
General Electric Company, Pittsfield, Mass. 
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REDUCING WASTE 
(Continued from preceding page) 


obsolescence can be overcome to a great extent at this 
time by scheduling deliveries of the most valuable mates 
rials to coincide with the time of their use. 


RECLAMATION 

Purchasing is equally concerned with the utilizationr 
made of the materials after they have been brought intox 
the plant. A case in point is the care and use of manu 
facturing supplies. Towels, gloves, and perishable tools, 
for example, may be either the cause for excessive wastee 
or a real opportunity for cost cutting through salvages 
activity. Wiping towels, because of their uniform size,: 
can be rationed out and collected under a system of tool! 
checks that permits as close control as that exerted overt 
any tool. This provides the foundation for establishing; 
an arrangement whereby wiping towels can be obtained! 
from outside suppliers on a rental basis and collected! 
for washing when soiled. Much extra usage is salvaged! 
from the towels and, because of the close check kept, , 
losses are held to a minimum. In much the same way, a 
recent study of glove usage is resulting in greatly re-- 
duced expenses for gloves. When gloves can be had fort 
the taking, they frequently disappear at a rapid rate: 
to find their way into home workshops and tool sheds. . 
Close analysis of glove needs, standardization of pur-- 
chases, and control over issuance and collection are the: 
principal steps in establishing a glove salvage program. , 
When these preliminary steps have been taken, it is} 
possible to complete arrangements for the cleaning and | 
repairing of gloves which results in prolonging their ’ 
useful life. 

Comparable success has been achieved in increasing 


the percent of utilization of the paint purchased for 


certain applications. Where the design of the parts is 
suitable, electrostatic paint spray installations have cut 
to a minimum the amount of spray which misses the 
work. The spray entering the charged field is drawn to 
the work, leaving an evenly spread coating of uniform 
thickness. In other instances, it has proved profitable to 
reclaim the overspray paint that is precipitated by the 
water curtain in water-wash spray booths. Paint equal 
in quality to the original can be reclaimed from the 
sludge at a cost of only about a dollar a gallon. 
Production personnel likewise are able to make a posi 

tive contribution to reduced material cost under this new 
and broader concept of salvage. Careful regulation of 
work-in-process inventory maintains the optimum 
amount of material in flow and reduces the chances for 
obsolescence and deterioration. In this way, no large 


banks of semifinished material are generated that would 


increase the hazard of loss when changes in design must 
be incorporated. 

Some of the salvage contributions of the so-called 
service functions have been cited, and attention is 
turned to the role of the manufacturing foreman in pre- 
venting the generation of scrap. Unquestionably the 


prime requisite in reducing scrap is through training 
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thd instruction of the operator on the job he is to per- 
mim. Thereafter, it is a matter of frequent checks of 
jhe quality of work being produced in conjunction with 4g 7 age aeege 
Mhecks of the condition of the machines, the tooling, stub position CriMpS 
tnd the set-up. The inspector can only tell that the : 

Hart he checks is sub-standard; the manufacturing man 5. 2 
#ust anticipate possible causes of scrap and take the are possible with 
teps necessary to prevent it. 

JCRAP DISPOSAL 


| "Ss NEW 
In the final analysis, however, no matter how intense AM ad 


L drive is made to control scrap generation, inevitably s 

ere will be some material which can no longer be used 

ind it must be disposed of as economically as possible PNEUMATIC TOOL 
f nd the best price obtained for it. This requires that 
he scrap be collected, segregated, and prepared for 
dale, each step being a highly specialized process, but 
nll closely interrelated. The market for scrap must be 
}tudied, just as the market for any other product, and 
Wecisions of collection and segregation based on the 
Market demand. 


Obviously the place to begin segregation is at the 
boint of generation; but since problems of collection do 
ot always make this feasible, some compromise must 
pe made. Any unnecessary admixture of metals proves 
postly, however, because, in general, an admixture 
usually brings less than the market price for the least 
valuable constituent. When it is borne in mind that 
there are more than seventy grades of ferrous scrap and 
literally hundreds of grades of nonferrous scrap, the 
complexities of the segregation problem are most ap- 
parent. Preparation refers principally to improving the 
physical and dimensional characteristics of the material. 
Aware that better segregation and preparation will pay 


dividends, the modern salvage departments have in- | IN TERCHA NGEABL E HEA DS 


stalled special equipment for such operations as cutting, 


i ti d for bali d briquetti 
crushing, and separating, and for baling and briquetting FOR CRIMPING SOLDERLESS TERMINALS 


materials so that the scrap will be in a more desirable 


form and therefore command a higher price. ON WIRE SIZES FROM +6 to #1/0. 
Salvage, like all other segments of industry, is a 

dynamic process, undergoing constant change. It is This sturdy AMP tool features interchange- 

truly worthy of unending investigation and everyone able crimping heads for either conventional 

connected with manufacturing operations must realize “side position” or novel “end” position 

that salvage is everybody’s business. crimping, as well as a double set of handles 


and triggers. A suspension loop enables tool 
to be supported from above. Air cylinder is 
( constructed of seamless tool steel—safety 
.) 3 fi T 0 Nn C . Nn ' 0 m p A Nn V factor 300%. Toggle action jaws insure com- 
haha ace plete crimping cycle. Operates from standard 

Everett Massachusetts Ansty eieia ob 85 ah 


Manufacturers of 
Ash Barrels Underground Garbage Receivers 


Kitchen Waste Cans 


CAPACITOR gle ak 
both Fabricated and Deep AIRCRAFT-MARINE PRODUCTS INC. 
FIVE GALLON ers 1312 N. 4th Street, Harrisburg, Pa. 


sed Top Shipping Contain 


Open and Clo Canadian Representative : 
R. M. Hutcheson, 10 Nordale Crescent, 
Lee otf Lee * Hardington, P. O., Toronto 15, Ont., Canada e Elgin 5647 


MN] P E C | 3 L § H E ET m ETA L W 0 R K AMP Trade Mark Reg. U. S. Pat. Off, U. S. Patents Pending 
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EW PHILIP SPORN STATION 
TO INSTALL 24,000 HP 


This new high-pressure steam generat- 
ing plant, named in honor of Philip 
Sporn, president of the American Gas 
and Electric Company, will serve the 
company’s vast interconnected system 
in the seven states of Michigan, Indi- 
ana, Ohio, Virginia, West Virginia, 
Kentucky, and Tennessee. Designed by 
and constructed under supervision of 
the American Gas and Electric Service 
Corporation, it will eventually make 
available 900,000 kw of net output cap- 
ability to meet the system’s rapidly 
increasing demands for electric power. 


PUMPS - COMPRESSORS 
AIR AND ELECTRIC TOOLS 
DIESEL ENGINES + ROCK DRILLS 
VACUUM EQUIPMENT - CONDENSERS 


OILER-FEED PUMPS 
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Twelve Ingersoll-Rand “double case” pumps, 
operating at 2395 psi, will handle all boiler- feed 
water for the four 150,000 kw units 


The new Philip Sporn Station of the American Gas and Electric Com- 
pany System, near New Haven, West Virginia, represents the last word 
in steam plant design. The first generating unit with a net output capa- 
bility of 150,000 kw, went into commercial operation in January 1950. 
Three additional units, which are already under construction, will bring 
the plant net output capability to 600,000 kw. 


Each of these four generating units will be served by three Ingersoll- 
Rand Class CHTA, 11-stage, “double case” pumps—two for full load re- 
quirements, and the third for stand-by service. Three of these feed pumps 
are shown above, direct connected to 2000 hp, 3570 rpm motors. Each 
pump is designed to handle 1100 gallons per minute, at 2395 psi and 304° F. 


Here, as in all high-pressure steam plants, the accent is on dependa- 
bility and continuity of service. And Ingersoll-Rand boiler-feed pumps 
have repeatedly proved their ability to stay on the job year after year 
under the most severe operation conditions. That’s why they’re first 
choice for really high pressure service. 


Ing ersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 537-10 
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Critical Requirements of 
Television Prove 


Remarkable Performance of 


Mallory FP Capacitors! 


There can be no more convincing proof of superiority than 


al 


g 1950 


the performance records hung up by Mallory FP Capacitors 
in the demanding field of television service. 


In one case, an outstanding television manufacturer kept 
detailed records of field failures of component parts over a 
six month period... found only six Mallory failures, with 
nearly 400,000 FP Capacitors in service! 


That’s service beyond expectations! 


That’s why so many leading manufacturers insist on Mallory 
Capacitors that have set the pace in the industry for years. 
That’s why you should specify Mallory, at no premium in 
price, for any application that demands continuous, trouble- 
free performance. 


P.R. MALLORY & CO. Inc. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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MALLORY 
FP CAPACITORS 


Mallory FP Capacitors are designed 
to operate continuously at 85° C— 
and are famous for their long shelf 
life. Write for your copy of the 
Mallory FP Capacitor data folder. 


FP is the type designation of 
the Mallory-developed electro- 
lytic capacitor having the char- 


acteristic design pictured and 


famous throughout theindustry 
for dependable performance. 


SERVING INDUSTRY WITH 


Capacitors Contacts 
Controls Resistors 
Rectifiers Vibrators 
Special Power 
Switches Supplies 


Resistance Welding Materials 
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QUALITY CONTROL: A NEW FIELD FOR INSTRUMENTATIO) 


By T. R. HAND and 


Special Products Division 


DL Vand. 


N INDUSTRIAL manufacturing, every production 

line will produce some rejects. To keep those rejects 

within economic limits, a technique known as scientific 
quality control has been developed. 


Scientific quality control employs control charts 
which are based on mathematical probabilities. With 
knowledge of past production history, it is possible to 
predict with a known degree of risk whether present 
production conditions are producing too high a reject 
rate. Whe method has often resulted in reducing reject 
losses in a manufacturing process from thirty to fifty 
percent. 


QUALITY CONTROL IN THE PAST 
Not until the second World War did it begin to be 
widely realized that scientific quality control enables 
a manufacturer to turn out a larger number of accept- 
able products for the same number of units produced. 
Since the war, competition has stimulated the use of 
quality control as a means of reducing scrap and rework 
expense, and improving production efficiency. 
The information needed by quality-control engineers 
is: 
(1). Total number of units produced 
(2). Total number of units rejected by each test. 


To process this information, control charts such as 
that in Fic. 1 are used. The average percent defective 
which has been found in recent production is used in 
determining the average percent defective expected. 
The horizontal dash line across the chart is calculated 
from the total daily production and previous reject 
history. When the reject level is above this line (the 
upper control limit), abnormal production troubles are 
present and should be corrected immediately. Reject 
level below the upper control limit indicates satisfactory 
production. The actual percent rejects are plotted and 
the points connected as shown. 

Certain drawbacks of scientific quality control are 
immediately apparent. First, the time delay in collect- 
ing, processing, and applying the data may be hours or 
days. Abnormal conditions on the production line will 
not stop and wait for the statisticians to make com- 


This article is so paged that, erence mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—Ep1rTor 
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The quality control indicator, as applied in gaging 
and inspection in repetitive manufacture, is held 
the biggest step forward 
control since the beginning of the science itself 


General Engineering and Consulting Laboratory 
General Electric Company 
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in scientific quality 
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putations. Rejects will continue to pile up. Second, 
justify the method, the resulting reduction in man: 
facturing losses must more than pay for the man-ho 
necessary to collect and process the data. Third, th 
method is intricate and somewhat mysterious to on 
unfamiliar with it. For instance, the formula for tl 
upper control limit is: 


Ip(1— 
eer =») x 100 


Nu 


UCL= (r+ 


where UCL=upper control limit in percent 
p=average fraction defective expected 
n=total production 


For these reasons, management has, in some case: 
been reluctant to accept the idea of scientific qualit 
control in spite of the potential savings. 

With scientific quality control, each inspector on 
production line makes a mark on a tally sheet ever 
time he rejects a unit. A separate tally sheet is provide 
for each test or characteristic which he is checking 
At the end of a shift or at the end of the day, thes 
tally sheets are collected from all of the inspectors an 
tabulated by the quality-control engineers. Each tes 
is then individually analyzed to see whether that partic 
ular test is falling within the predetermined economi 
limits. If it is found that too many rejects have occurre 
and the upper control limit is exceeded, then the qua 
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Fig. 1. Contro ‘chart of the type that is commonly used in the epphl 


cation of scientific quality control 


July, 198 


w-control engineer informs the production supervisor 
at abnormal trouble is present and corrective action 
indicated. In the meantime, rejects are still being 
‘oduced. 


A New AppRoAcH To QuaLity ConTROL 


| 'The obvious answer to the problem of making 
ientific quality control most effective is to have no 
me delay between the rejection of a unit by the 
spector and the start of corrective action by the su- 
ervisor. The solution, however, was not so obvious. 
fore people could be used to make the computations 
more frequent intervals, but an appreciable time 
elay would still be involved. Also, the additional man- 
yours make such a solution a prohibitive expense. 


Fig. 2. In the quality control indi- 
cator, the totalizer (left) counts total 
production, and the character ana- 
lyzer (right) counts and records num- 
ber of units rejected for a given test 


-Quality-control engineers at General Electric’s Erie 
orks had been using control charts for many years. 
They realized how much more effective statistical 
juality control could be if the information presented by 
ontrol charts was immediately available. Abnormal 
oduction troubles could then be investigated as soon 
they occurred. Corrective action could be taken 
mediately—not hours or days later. The problem 
oresénted by these quality-control engineers was the 
levelopment of a computer which would give instan- 
neous quality control. 

_ The computer should count the rejects and total 
sroduction on a production line and should analyze 
hese counts immediately in accordance with the 
ormula given earlier in this article. The Quality Con- 
rol Indicator is the solution to this problem. 


Bei rion OF THE QUALITY CONTROL INDICATOR 
The quality control indicator (Fic. 2) consists of two 
yasic units: a ‘‘totalizer,” which counts total produc- 

n; and a “characteristic analyzer,” which counts 
e: number of units rejected for a given test. The com- 
puter compares these counts according to the mathe- 
natical formula, and the result is indicated on the 
‘quality” meter of the characteristic analyzer. 

The quality meter shows instantly any abnormal 
iifficulties in the production run for that test. When 
he needle moves from the green (left) half to the red 
pent), the quality meter indicates that some abnormal 
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difficulty has arisen and that the process is “‘out of 
control.”’ 


CONSTRUCTION 


The actual count of total production can be observed | 
on dials seen through openings on the totalizer panel. 
The reject count can be observed in a similar manner 
on the characteristic analyzer. Power for the entire 
equipment is controlled by the power switch on the 
totalizer. 

The mid-scale position on the quality meter is the 
upper control limit. The large scale, half green and half 
red, enables a supervisor to tell at a glance which test 
in a given series is above the upper control limit. 

A level-selector knob gives a continuously variable 
range of reject levels from 0 to 10 percent. As few as 
one, or as many as ten, characteristic analyzers can be 
used with each totalizer. The totalizer and all associated 
characteristic analyzers are interconnected with cables 
and plugs in the back of the units. 

It is possible to count thousands of units before 
resetting is necessary. By moving the power switch on 
the totalizer to the RESET position, the entire equip- 
ment is reset and again made ready for operation. 
Circuit ; 

The computer employs a bridge circuit, as shown 
schematically in Fic. 3. A d-c voltage is applied across 
two slide-wire potentiometers, A and B. Potentiometer 


+ A B 


POTENTIOMETER 


REJECTS 


ZERO POSITION 


Schematic diagram of the bridge circuit of the computer, con- 
sisting of two slide-wire potentiometers 


Fig. 3. 


A advances as the total units produced are registered 
in the equipment; potentiometer-6b advances as rejects 
are registered. To start operation, both potentiometers 
are at the zero position. A meter using a D’Arsonval 
movement is connected between the sliders of poten- 
tiometers A and B, and indicates the relative positions 
of the sliders. If the voltage at slider B is above or below 
that at slider A, the meter needle will deflect to the 
right or left of its zero center, giving a quantitative 
comparison between the total count and the number 
of units rejected. If, however, the potentiometer sliders 
are at points of equal voltage, the meter needle will not 
deflect from its zero center; this indicates that the ratio 
of rejects to production is running exactly on the upper 
control limit. 
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The actual basic circuit used in the equipment is 
shown in simplified form in Fic. 4. This is a modifica- 
tion of Fic. 3 in that the reject-level potentiometer is 
added at C. Fic. 4 also schematically shows which por- 
tions of the circuit are in the totalizer and the charac- 
teristic-analyzer units respectively. The totalizer incor- 
porates a d-c power supply and a linear slide-wire poten- 
tiometer. The latter consists of a telephone stepping 
switch with resistors mounted across the switch points. 
The characteristic analyzer incorporates (1) the 
quality meter, (2) the reject level selector, and (3) 
potentiometer B. The quality meter shows whether 
production is running above or below the upper control 
limit. The reject-level selector is a standard wire-wound 


NUMBER OF DEFECTIVES 


: : ; : NUMBER INSPECTED-IN HUNDREDS 
potentiometer by which the predetermined level is set. Fig. 5. Curve showing step sequence by which the meter indications 


Potentiometer B is a nonlinear potentiometer that correspond to the upper control limit 
consists of a telephone stepping switch and resistors 


which bridge its contacts and which have such values - { 
as to make the meter conform to the curve shown in cordance with the formula for the upper control timag 


Fic. 5. Therefore, the quality meter will read in act 


SV AE a ma ESP reer rit 7 Cae | TYPICAL INSTALLATION 
A typical installation of the quality control indicato: 
xe mG is shown schematically in Fic. 6. The total number o 
a a : : : ; | 
a di units moving along the production line are counted b» 
if odie m= - ! a photoelectric counter. This counter is connected to tha 
AC.1| suPPLY 2 Z| quality control indicator to actuate the counter of tha 
ge 1 a | totalizer unit. At Test Station A the production uniti 
= FI are removed from the line and inspected for two differ1 
Le ent characteristics. If the unit is good it is put back on 
: | the production line. If the unit is defective and fails tc 
TOTALIZER CHARACTERISTIC ANALYZER pass one or both tests at Station A, it is set aside anc 


the inspector a station pr ject 
Fig. 4. Diagram of connections for the bridge circuit, with a third poten- US t the 3 RIES the Pen T= 
tiometer at C to set the reject level button. The two reject buttons at Test Station A 


Fig. 6. Schematic diagram of a typical installation monitoring 10 tests on a production line 
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§ Fig.7. Chart record showing the decrease in rejects following installation 
of the quality control indicator 


ctuate the corresponding two characteristic analyzers 
f the quality control indicator. The quality meter of 
ach analyzer shows instantly whether production is 


hat particular test. 

Test Station C is located a little further along the 

production line. Here the production units are again 
removed and inspected for three additional tests. The 
umber of units rejected for the tests performed at this 
point are registered in the associated characteristic 
analyzers of the quality control indicator. As at Station 
A, the inspector has a separate reject button for each 
est being checked. 
Using the quality control indicator, production super- 
misors know instantly when an excessive number of the 
units produced are being rejected. Prompt corrective 
Action can be taken. An immediate investigation of 
the production line and assembly points will allow the 
supervisor to quickly detect the difficulty causing the 
excessive rejects. Perhaps a die or a machine has be- 
come worn, causing some assemblies to be out of toler- 
ance and not acceptable. The die can be replaced 
immediately or the cause of the trouble eliminated. 

_ At General Electric’s Erie Works, where refrigerators 
are made, a 60-percent reduction in rejects followed 
installation of the quality control indicator on a com- 
pressor assembly line. On this line, monitoring only 
five tests, more than $10,000 was saved the first year 
by reduction of scrap and rework expense. Greater 
sfficiency also resulted, since a production supervisor 
sould more easily direct his efforts where they were 
needed. Much closer quality control was achieved, as 
indicated by Fic. 7, and the customary rise in rejects 
during the vacation period did not occur after the qual- 
ty control indicators were installed. 

As a result of this successful installation, ten other 
sroduction lines, covering over 60 tests, are being 
nonitored with quality control indicators at this plant. 
Quality-control engineers using the computer have 
‘alled it the biggest step forward in scientific: quality 
sontrol since the beginning of quality control itself. 


tunning above or below the allowable reject level for , 


ard tolerance, within 
10% plus/minus. 


w 


Power rating: 2 watts 


‘average. 


* 


Single tap at center 
can be provided. 
Tapers not practical. 


DX 
800° mechanical ro- 
tation; 280° electrical, 


without switch, 260° 
with. 


1to 10,000 ohms. Stand- 


% Clarostat Series 43 wire-wound po- 
tentiometers and rheostats are inter- 
changeable mechanically with composi- 
tion-element Series 37 Clarostat 
controls. Space-savers. Dependable. 
Long-life. Often preferred to larger 
controls for resistance values up to 
10,000 ohms linear. Bakelite body with 
metal cap. With or without power switch. 


* Write for Literature... 


CLAROSTAT MFG. CO., INC. DOVER, N. H. 


Miniature Ball Bearings 


MPB Superlight Miniature Ball Bearings are designed 
for large shaft, small housing installations. They are one 


of more than 50 pha and sizes manufactured to the high- 


est precision tolerances in our 
completely air-conditioned plant. 

Standard extra operations 
assure you of finest quality com- 
ponents for your instruments. 
(MPB bearings for example are 
burnished, not merely ground, 
on all functional surfaces). 


MPB bearings are made by the experienced originators 


of miniature ball bearings, and are supplied in factory 


sealed vials, lubricated and ready for installation. 


Complete and competent engineering assistance for 


your applications is promptly available, through 18 


convenient offices with bearing stocks in East, West and 


Mid-Continent cities. 


You'll find our catalog complete and convenient: 


shows actual sizes, full specs and prices on more than 50 
different miniature ball bearings. See Sweets PD File or 


by mail immediately. 


“Suppliers to the World's 


Foremost Instrument Manufacturers” 


MINIATURE PRECISION BEARINGS, INC. 
KEENE, NEW HAMPSHIRE, U. S. A. 
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| that of cartridge fuses commonly used. 


INEW LOW-VOLTAGE POWER FUSE 
(OF HIGH INTERRUPTING CAPACITY 


Requirements imposed by the severity of short-circuit currents 
possible in networks, industrial circuits, station auxiliaries, 
and on shipboard are met in an unusual new cartridge fuse that 
can be applied in the same way as conventional cartridge fuses 


By C. L. SCHUCK 


Switchgear Divisions, Apparatus Department 
General Electric Company, Philadelphia, Pa. 


NEED exists for low-voltage fuses having much 
higher short-circuit interrupting capacity than 


Cartridge fuses for circuits of 600 volts and less have 


| been used in the United States for many years, prin- 


cipally in low-burden branch circuits where available 
fault currents were relatively low. They are produced 
by numerous manufacturers, and practically all makes 


B satisfy the National Electrical Code through compliance 


with the ‘‘Standard for Fuses”’ of Underwriters’ Labora- 


_ tories, Inc.© 


In the matter of short-circuit interrupting ability, the 


“Standard for Fuses”’ includes a d-c test with 10,000 


amp available, the rate of rise of the U. L. New York 


“City testing circuit being approximately 2,000,000 amp 


per sec. While most applications of cartridge fuses are 


on a-c circuits, this d-c short-circuit test is, even today, 
the only criterion in use for determining the acceptabil- 
ity of fuses for application on either a-c or d-c circuits. 


However, no direct inference is valid concerning the 


~ a-c short-circuit interrupting ability of a fuse which has 


passed this particular test. Table I shows limiting 


values of 60-cycle symmetrical available short-circuit 


- current safely interrupted by members of a typical line 


of cartridge fuses, all of which passed the Under- 


_ writers’ d-c 10,000-amp short-circuit acceptance test. 
_ These were nonrenewable, nonindicating fuses. 


Conversely, the a-c short-circuit interrupting ability 


- demonstrated for a fuse is not a reliable indication of its 
- ability to interrupt a d-c short circuit. Although some 
_ efforts have been made to establish a relation between 
—a-c and d-c theoretically,“ interruption tests on a 


circuit of the same type as that on which applications 


are intended are the only reliable basis for assigning 


interrupting ratings. 


_. NATIONAL ELECTRICAL CODE CARTRIDGE FUSES 


~ July, 1950 


Cartridge fuses as manufactured in the United 
States, through standardization of dimensions and 
melting time-current and temperature-rise specifica- 
tions of the ‘‘Standard for Fuses,’’ have become 
extremely low-cost devices. Practically all makes 


This article was presented as a paper at the AIEE Great Lakes District 
Meeting at Jackson (Mich.), May 11-12, 1950.—Ed. 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EDITOR 
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employ a link of zinc wire or strip surrounded by a 
granular or powder filler (or merely air) and are en- 
closed in a rolled paper or fiber tube with brass or 
copper ferrules. Some makes incorporate special fea- 
tures such as time-lag in the melting characteristic, 
field renewability, etc.; but with one recent excep- 
tion, none of the numerous manufacturers, to the 
writer’s knowledge, have published a-c or d-c interrupt- 
ing ratings or d-c ratings other than those implied by 
Underwriters’ Laboratories, Inc. approval based upon 


TABLE I 


LIMITING VALUES OF 60-CYCLE A-C SHORT-CIRCUIT CURRENT 
SAFELY INTERRUPTED BY TYPICAL NEC CARTRIDGE FUSES 


Voltage Ampere RMS Current 


Rating Rating Interrupted 
15 20,000 
30 4,000 
60 5,000 
250 100 6,000 
200 15,000 
400 25,000 
600 30,000 
15 20,000 
30 3,000 
60 3,000 
600 100 6,000 
200 15,000 
400 25,000 
600 30,000 


the 10,000-amp test value. In recent years, however, 
the progressive increase in the short-circuit currents 
possible on many networks, industrial circuits, station 
auxiliary, and shipboard circuits, has led to the demand 
for fuses actually having interrupting ability to cover 
these present day requirements, which are in many 
cases greatly in excess of 10,000 amp rms. 


EUROPEAN DEVELOPMENTS 

In Europe, and principally in Great Britain and 
Germany, cartridge fuses of proved high interrupting 
capacity have been in use for some years. Their de- 
velopment evidently was spurred by efforts to conserve 
strategic materials, leading to their application in many 
cases where it is the American practice to use circuit 
breakers. Also, there do not appear to have been avail- 


() Numbered references are listed at the end of the article. 
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able in Europe any counterparts of the mass-produced 
low-cost National Electrical Code fuses. Fuse develop- 
ment in England was accompanied by considerable 
research on the fuse-design factors and circuit para- 
meters to determine their effect on interrupting ability, 
with the result that the high-capacity fuse designed 
according to these findings could justly be described by 
Gibson® as “‘in its more advanced forms a reliable piece 
of apparatus with a precision performance.” 

The European high-capacity fuse for low-voltage 
service was of the same basic construction as the cur- 
rent limiting fuses already well established for high- 
voltage applications,“ having metallic links embedded 
in a granular, inert filler. The current-limiting manner 
of interruption resulting from this construction, when 
properly designed, minimized the energy dissipated in 
the fuse cartridge to the extent that external disturb- 
ance was eliminated and interrupting ratings could be 
assigned of 44,000 symmetrical rms.amp for 660-volt 
circuits. 

Although no standardization of dimensions had been 
found practical in Great Britain, ‘“‘high-rupturing- 
capacity”? fuses were developed to occupy minimum 
space; and for given ampere ratings these have diam- 
eters of the same order as American National Electrical 
Code fuses, but shorter cartridge lengths. The cartridges 
usually are made of heavy-walled ceramic material, 
having separate holes isolating the parallel element 
components and the resulting arcs formed during 
interruption. The holes are filled around the elements 
with granular quartz similar to that used in high- 
voltage current-limiting fuses (Fic. la). The transient 
pressure must still have constituted a considerable 
problem in view of the thickness of ceramic used—in 
German fuses for submarines, a substantial portion of 
the cartridge length was reinforced with a steel jacket, 
(Fic. 1b). f 


INTERRUPTING RATING 

In commencing the development of a line of high- 
interrupting-capacity cartridge fuses suitable for manu- 
facture here, it was realized that interrupting ability 
beyond the 44,000-rms amp rating of the British de- 
signs would be necessary to satisfy the requirements of 
many American industrial and shipboard circuits. A 
rating of 100,000 total rms amp (including d-c com- 
ponent) appeared to be the most satisfactory objective, 
so as to permit application on systems where circuit 
breakers of this rating are required in some circuits. 
The 100,000-rms amp rating in the case of a three- 
pole circuit breaker implies an available symmetrical 
short-circuit current of 80,000 rms amp, the factor 
accounting for the d-c component and average current 
among the phases being 1.25, as explained in the Ap- 
pendix. 


TUBE MATERIAL 


Efforts toward obtaining the desired interrupting 
capacity were aided considerably by the availability 
from several American manufacturers of glass-cloth- 


26 


GENERAL ELECTRIC REVIEW 


‘i 


base, heat-resistant resin-impregnated insulation HA 
tube form. The strength and resilience of such tube 
was found more than adequate to withstand th 
transient pressures occurring during interruption, witk 
even more than the maximum element section usable 
as determined from time-current melting, and maxid 
mum temperature limits. Thus the problems associatec 
with thick-walled ceramic tubes, reinforcement, etc 


were avoided. 


FILLER 

Another asset available here for the development of 
fuses with higher interrupting capacity was a speciall 
graded granular quartz filler developed for high4 
voltage current-limiting power fuses,“ where grai 
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CERAMIC / tg “GRANULAR SECTION 
BODY QUARTZ FILLER B-B 
Fig. 1. Typical European designs for two cartridge fuses of high inter- 
rupting capacity 


(a). British H.R.C. (high rupturing capacity) fuse 
(b). German 350-volt 200-amp fuse for shipboard 


sizes: are restricted to the range which provides maxi- 
mum grain surface for withdrawing heat from the arcs, 
and at the same time provides the inter-granular air 
spaces required for the dispersal of the element metal. 


ELEMENT DESIGN 


In addition to advantages gained by the use of the 
woven-glass-base tube material and the improved filler, 
it was considered desirable to make use of any further 
advances that might result from improvements in the 
element proportions. As a general conclusion based on 
interrupting test results, it was found that substantial 
length was not required in the arc paths for the low 
circuit voltages involved. This differs from findings 
in high-voltage fuse developments. As circuit voltage 
was causing no particular hardship, the minimization 
through the use of short active element sections of the 
amount of metal which became involved in the arcs 
could be credited with much of the improvement ob- 
tained in interrupting ability. 

The division of the element section required for a 
given ampere rating into a number of spaced parallel 
paths was found to aid in the prompt development of 
arc voltage, in limiting transient pressure in the 
cartridge, and thereby in further increasing the inter- 
rupting ability. 
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- The degree of division of element section when car- 
fried sufficiently far was found to provide interrupting 
fability well above the 100,000-rms amp objective. 
}Carried too far, extreme subdivision with the required 
ispacing between elements calls for more fuse tube cross 
section than would be practical or economic. For 
Jadequate interrupting ability, with an acceptable 
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Fig. 2. X-ray photograph of unopened developmental fuse samples 
after short-circuit test 


Fig. 3. Same fuse samples as in Fig. 2, with tubes cut away to show the 
*fulgurites’’ formed by the arc current 


pattern of element spacing, the number of parallel arc 
paths was found to be significant. 
It was found that the number of rated amperes per 
‘single element necessary for the safe interruption of 
100,000 rms amp should be substantially less than the 
amperes per element of European designs. This further 
‘reduction in the amount of element metal which be- 
comes involved in any one arc path is the factor be- 
lieved chiefly responsible for the greater interrupting 
ability found possible. 
These factors, together with the spacing between 
arcs, and from any arc to the inner surface of the fuse 
‘tube, were investigated in a series of d-c short-circuit 


tests, using samples in which the element designs 
differed from one sample to the next by definite incre- 
ments. As criteria of the difficulty with which the fuse 
sample opened the circuit, use was made of the tem- 
perature rise of the cartridge following the test, oscillo- 
grams, x-ray photographs, and ordinary photographs 
and examination of the fuse samples, with tube cut 
away to show the elements. Fic. 2 shows an x-ray 
photograph of typical unopened test samples following 
d-c short-circuit interruption tests. They show the 
degree of dispersion of element metal caused by the 
arcing. FIG. 3 is a photograph of the same samples cut 
away with excess quartz removed to expose the remains 
of the elements. By study of the size of ‘“fulgurite”’ or 
slag formation where the arcs had fused the granular 
quartz filler, and the other means mentioned, the in- 
fluence of each of the several factors was assessed, and 
conclusions were reached concerning: 


(1). Number of elements (arcs in parallel) 

(2). Number of reduced sections (arcs in series) 
(3). Spacing between parallel arcs 

(4). Spacing between arcs in series 

(5). Spacing of any arc to inner wall of fuse tube 
(6). Mass of terminals, and path to ferrules 

(7). Type of filler. 


From these observations followed the optimum 
dimensions and other data around which a line of high- 
capacity fuse elements could be designed. 

A d-c circuit was employed for these tests in view 
of results of numerous earlier short-circuit tests in 
which a given fuse design performed well in interrupting 
an a-c circuit, but not so well in a d-c circuit. The 
salient factor making for greater severity in the d-c 
tests was evidently the sustained voltage, which caused 
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’ Fig. 4. Comparable a-c and d-c short-circuit tests. Sustained voltage 
prolongs arc current in d-c test 


60-cycle d-c 
Test Voltage 600 volts rms 525 volts 
Available current 60,000 amp rms 30,000 amp 
Melting time 0.0003 sec 0.0006 sec 
Arcing time 0.0026 sec 0.0083 sec 
Total time 0.0029 sec 0.0089 sec 


arc current to persist, while in the a-c tests the falling 
voltage enabled the fuse to force current to zero at or 
before the first voltage zero following melting, suff- 
cient deionization of the arc paths then taking place to 
prevent re-establishment of the arcs during the subse- 
quent half-cycle or thereafter. Fic. 4 shows plots of 
oscillograms of an a-c and a d-c short-circuit test on 
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developmental fuse samples of the same design, the 
are current falling rapidly with decreasing voltage and 
ceasing before voltage zero in the 60-cycle a-c test, 
arcing time being 0.0026 sec, but persisting for 0.0083 
sec (equivalent to a full half-cycle) in the d-c test. Once 
this was noted, efforts were directed toward so design- 
ing the elements as to combat the development of the 
trailing arc current on d-c tests, and its duration was 
employed as one of the criteria of good element design. 


DIMENSIONS AND MELTING REQUIREMENTS 

Based on the data accumulated, it appeared that it 
would be perfectly possible to make the line of high- 
interrupting-capacity cartridge fuses in the same 
cartridge sizes as conventional NEC fuses, even in 
the 250-volt 30-amp rating which appeared to be the 
“tightest’”’ on the basis of the values in Table II. 


TABLE II 


AVAILABLE SPACE VS. REQUIRED CAPACITIES 
NEC CARTRIDGE FUSES OF STANDARD DIMENSIONS 


Voltage Ampere KVA Internal Volume KVA 

Rating Rating (Cu in.) per Cu in. 

30 7.5 0.20 37.5 

250 60 15 0.70 21.4 

100 25 Al 14.6 

200 50 4.39 11.4 

30 18 1.31 13.4 

600 60 36 2.52 14.3 

100 60 2.82 21.2 

200 120 7.76 15.5 


In order fully to’ meet the requirements of the 
“Standard for Fuses,’’ elements had to be so designed 
as to melt within specified times at given percentages of 
overload current, and on normal current to generate 
heat at a rate sufficiently low so as not to overheat the 
fuses themselves nor connected devices such as knife 
switches, contactors, etc. The requirements are sum- 
marized in Table III. 


“M’’ EFFECT 

With respect to active element section required, the 
specifications are contradictory, requiring a large cross 
section for the 110-percent cool-running require- 
ment, and a small cross section for the overload prompt- 
melting requirement. This problem was solved by use of 
the so-called ‘“M”’ effect,“ obtained by the addition of 
small globules of a tin-rich alloy to the active sections 
of the elements. On overload, the elevated temperature 
causes local alloying and diffusion of the silver element 
metal into the tin, the resulting alloy having both a 
higher resistance and a lower melting point than the 
silver alone. This permits the element to melt and 
separate at a current 30-35 percent lower than would be 
required if the element consisted simply of silver. Since 
this metallurgical process requires time for its accom- 
plishment, the time-current curves of the fuses are not 
affected in the high-current short-time region, but do 
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show displacement toward lower currents in the low- 
current long-time region. This is evident in the 
melting time-current curves shown in Fie. 5. 


SHORT-CIRCUIT PERFORMANCE 
With element sections adjusted to meet the specifica- 
tions, and designed on the basis of the studies made? 
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Fig. 5. Improved overload protection 


results from ‘‘M”’ 


Melting time-current curves. 
effect shift 


after the earlier a-c and d-c short-circuit tests, accept- 
able short-circuit interrupting ability was demon- 
strated with fuses designed in standard cartridge sizes. 
Fic. 6 shows reproduction from oscillograms taken 


TABLE III 


TEMPERATURE RISE AND OVERLOAD MELTING REQUIREMENTS 
OF THE UNDERWRITERS’ LABORATORIES, INC. ‘‘STANDARD FOR FUSES” 


Overload Melting Requirements* — 


Temperature 
Ampere Rise Reger eneee 
Rating 110% 135% of 200% of 
Rated Geant Rating Rating 
Up to 30 Max. Temp. 1 Hour 2 Min. 
31 to 60 rise of 50C 1 Hour 4 Min. 
61 to 100 on any part of 2 Hours 6 Min. 
101 to 200 the fuse. 2 Hours 8 Min. 


* Fuse must operate within times listed. 


during a-c short circuit tests of the maximum ampere 
ratings in the four standard sizes: 30-, 60-, 100-, and 
200-amp. 

These records, and many similar ones taken at 
different available short-circuit currents and angles of 
inception, fully substantiate an interrupting rating of 
80,000 symmetrical or 120,000 total rms amp (see 
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Appendix). The records also furnish information useful 
in making applications. The extent of the current- 
limiting effect as a function of the ampere rating and the 
available short-circuit current can be obtained simply 
by measurement of the peak values of current passed 
(Fic. 6). These, plotted as a function of available 
eurrent for each ampere rating, give the current- 
limiting curves of Fic. 7. Such test results as are shown 
in the current traces of Fic. 6 form the ‘‘anchor points”’ 
of the current-limiting curves of Fic. 7, and were 
checked and ‘‘smoothed” by calculation.@™ These 
maximum currents and their effective values and dura- 
tions passed by given ampere ratings of fuses at avail- 


able short-circuit currents of interest establish the 


short-time capacities required by series connected 
devices. Examples are: contactor’ coils (magnetic 
stress) ; the contacts themselves (thermal duty); switch 


CURRENT - KILOAMPERES 


AMPERE| RATINGS 


POMS ZtOM 2 Owls 20354 
TIME — MILLISECONDS 


VOLTAGE ACROSS _FUSE 


Fig. 6. Short-circuit tests at 660 volts rms, 60 cycle, of high-interrupt- 
ing-capacity cartridge fuses. 


Melting time-current areas: clear 
Arcing time-current areas: shaded 
Generated Voltage: dotted 


contacts; connections; and other fuses or interrupters in 


- co-ordinated protective schemes. Thus the arcing time 


and current along with the melting time and peak cur- 
rents already mentioned, are of importance in making 


applications. 


_ ‘. RT-THROUGH’’ CURRENT 
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Melting 
As a measure of the current-time passed by a fuse in 
interrupting a fault, the heating effect or Jedt during 


both the melting and arcing periods should be evalu- 


ated. In the records shown in Fic. 6, the clear time- 
current areas are taken as melting periods, and the 


subsequent time-current areas (shaded) as arcing. 


Calculations indicate that the elements had sufficient 


heat developed in them by the passage of current to 
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reach the melting point considerably before the times 


of the peak currents appearing on the oscillograms. 
This phenomenon was found to occur only with very 
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high short-circuit currents, the peak currents and 
times for moderate available currents corresponding 
more closely to calculated values for melting. This 
indicates that current continues to rise, following melt- 
ing on high available short-circuit current, until suffi- 
cient arc resistance has developed to cause the sub- 
stantial reduction in current characteristic of the 
operation of current-limiting fuses. 

With the available short-circuit current known as a 
function of time, a complete description of the in- 
stantaneous current vs. time leading up to melting 
can be calculated. However, a disparity between this 
mathematical description of the current during the 
melting period and the actual current is evident in the 
current traces in Fic. 6. The slope of the available cur- 
rent is not followed by the actual current, but is reduced 
by the resistance of the fuse. This effect is more evident 
in the lower current ratings, which have higher resist- 
ance. Assignment of melting time and current’ in the 
short-circuit tests in Fic. 6 was made using the slope 
of the actual current measured from the oscillograms 
rather than the slope of the theoretically available 
current. 


Arcing 


While current prior to melting depends almost en- 
tirely on the circuit constants and the character of the 
fault, the arc current following melting is influenced 
chiefly by the fuse—that is, by the shape of the arc 
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Fig. 7. Current-limiting curves for fuses considered in Figs. 5 and 6 


voltage it produces. Although the shape and duration 
of arc current can be constructed by assuming values of 
arc voltage,@™ factual data on arc current can be ob- 
tained directly from oscillograms such as those plotted 
in Fic. 6. Arcing times are readily measured, and when 
added to the melting times for given ampere ratings, 
give the total clearing curves appearing as dashed lines 
at the bottom (high-current-fast-time) ends of the 


ae, 


curves in Fic. 5. The arcing f7dt can readily be evalu- 
ated provided the current has some simple form. 

If arc current falls linearly from a value 7, to 
zero during a time At, it can be shown that 


At, 
Sidt=— ig 


More generally, if the arc current falls linearly from 
a value 7, to a value 7, during a time interval of Af, it 
can be shown that 


fedrmt} ip-tisivti| (1) 


By use of this expression, with time and current values 
measured from the oscillograms, the arcing f7dt was 
computed for the tests given in Fic. 6. These values 
(in ampere-squared-seconds) are listed in Table IV, 
together with fi2dt required to cause melting on a 
short time-no heat loss basis. Their sum gives the total 
“let-through” current-time passed by a fuse of each 
ampere rating in interrupting a heavy short-circuit 
‘current. 

This “‘let-through”’ f72dt must be tolerated by all 
devices connected in series with a given fuse. Depending 
on the resistance of the device, heat will be developed 
in it, and a rise in temperature will result. As a measure 
of the short-circuit protection afforded wire sizes 
commonly used with these ampere ratings in making 
motor branch circuit connections, the temperature 
rises resulting from the passage of the “‘let-through”’ 


TABLE IV 


CURRENT-TIME PASSED BY HIGH-INTERRUPTING CAPACITY FUSES 
ON HIGH AVAILABLE SHORT CIRCUIT CURRENTS (FIG. 6), AND HEATING 
EFFECT ON CONNECTED WIRE 


Temperature Rise—C° 


: : “Let- 
Renae spa + “fae = through” Wire No. Wire 
(or cir mi!) Rise No. Rise 
30 1,600 17,970 19,570 8 PR LOR G:8> 
60 10,000 34,960 44,960 4 1.0° Gi 24° 
100 42,000 218,000 260,000 il 1.4° a Ae 
200 130,000 1,190,000 1,320,000 200,000  1.2° Or ee she 


J#dt were computed and are included in Table IV. 
These were calculated assuming no heat loss from the 
wire to its surrounding insulation during the short time 
interval of the “‘let-through.”’ 

Another use that can be made of these melting and 
arcing f7dt values is the determination of suitable 
ampere ratings to use in co-ordinated protective 
schemes. In addition to so choosing ratings that the 
desired sequence operation is assured in the range of 
times (0.1 to 200 sec) in which co-ordination schemes 
are usually laid out (Fic. 5) it must also be ascertained 
whether the “‘protecting’’ fuse can complete the work of 
interrupting the circuit without damaging the element 
of the ‘“‘protected”’ fuse through the range of available 
short-circuit current involved in the application. This 


30 


in turn requires that the Jfidt passed by the “pro-- 


‘tecting’”’ fuse in both melting and arcing shall be lessi 


than the fidt required to melt the “protected’’ fuse. . 

Calculations similar to those on which were based the | 
f@dt values appearing in Table IV, were carried 
through to obtain the melting, arcing, and total frdt 
at several levels of available short circuit current for 
all the ampere ratings appearing in the time-current 
curves of Fic. 5. 


FUSE-TO-FUSE CO-ORDINATION 

Comparisons of the resulting values yielded Table V, 
in which are listed the minimum ampere ratings to 
“back-up” the ampere ratings listed in the first column. 
The fi2dt values and Table V are all based on 60-cycle 
circuits. 

The ratings listed in Table V show that successive 
ampere ratings should not be used in series if selective 
operation is desired, except in a few cases with low 


TABLE V 
MINIMUM ‘“‘BACK-UP’’ AMPERE RATINGS 


Available Asymmetrical Short-circuit Current—rms 
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Ampere 
Rating 15,000 25,000 50,000 75,000 100,000 
15 30 30 30 40 40 
20 30 30 40 60 60 
30 60° 60 60 80 80 
40 60 60 80 100 100 
60 100 100 100 150 150 
80 150 150 150 200 lk 
100 200 at Re 


200 


available fault current. The more general case requires 

a ratio of 2:1 between the ampere ratings of ‘‘pro- 

tected” and ‘“‘protecting” fuses, and an even greater 
ratio with high short-circuit currents above 50,000 

amp rms. 


The same general method of comparing f7dt values 
can be used in many application problems concerned 
with short-time ratings of devices to be used in series 
with the fuses, and the application should be checked on 
this basis as well as with respect to sequence function-_ 
ing. ; 


OVERLOAD INTERRUPTION 


Close attention to the factors making for good short- 
circuit-interrupting ability can lead to an element 
design which may or may not be inherently capable 
of interrupting the circuit safely in the event of an 
overload condition. In view of this, a series of overload 
tests were made at 60 cycles on the ‘“‘final designs” of — 
each rating, with the results shown in Table VI. Some 
of these tests were made outdoors in cold weather, and 
durations in these cases were longer than those given by 
the melting time-current curves in Fic. 5. 


In these tests, particularly those in which the dura- 
tion was more than ten minutes, all parts of the fuse 
had had ample time to assume temperatures, substanti- 
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ally as high as those obtainable at any value of overload 
current. With somewhat higher current, the duration 
is less and the fuse does not have time to get up to 
temperatures as high as the empirical optimum at 
150-160 percent of the ampere rating. At less current, 
although the duration is longer, the wattage developed 
is less, and the fuse parts do not reach temperatures as 


a 
TABLE VI 
OVERLOAD TEST DATA 


Test Volt A Test C ac = 
Born secs feat Amp. Dursticd owen Po 
1 30 44 13min. 10sec. 250 No 
2 60 92 4 min. 20sec. 250 Disturb- 
3 250 100 185 138 min. 4sec. 250 ance 

4 200 348 14min. 8sec. 250 

5) 30 49 12min. 30sec. 600 No 

6 60 101 10 min. 48 sec. 600 Disturb- 
7 600 100 200 4 min. 50sec. 600 ance 
8* 200 408 15min. 24 sec. 600 


* Section of element of this rating subsequently reduced better to corals, 
with the requirements of the “Standard for Fuses.” 


high. The tests given in Table VI cover the region from 
146 to 204 percent of rated current with most tests in 
the 150-160 percent region producing maximum tem- 
perature rises. 


TRANSIENT RECOVERY VOLTAGE 


The conversion of the fuse from a good conductor 
prior to and during melting, to an increasing resistance 
during arcing, causes a radical increase in the voltage 
drop across the fuse after peak current. During ap- 
_ proximately the next 500 microseconds the voltage as 
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Fig. 8. Cut-away view and section of new 600-volt 100-amp high-inter- 
rupting-capacity cartridge fuse 


measured across the fuse rises, reaching its crest at a 
time when current has been reduced substantially from 
its peak value, in many cases by as much as 50 percent. 
This relatively slow development of arc resistance and 
_are voltage results in a relatively lower peak voltage 

for these low-voltage fuses as compared to voltage 
peaks obtained with high-voltage current-limiting 
fuses, in which the arc resistance is caused to develop 
more rapidly, producing a voltage peak while current 
is still practically at its peak value.“ Peak voltage 
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values measured from the traces of Fic. 6, which are 
typical of records of many similar tests, average to 
1190 volts, bearing a ratio to the crest of 600 volts of 
only 1.4. For present fuses, the ratio is 2 to 3. 


LINE OF LOW-VOLTAGE POWER FUSES 


Fic. 8 shows the construction for a typical rating of 
the new line of fuses designed according to the ex- 
perience gained in the short-circuit and other tests 
described in the foregoing, and to comply with the 
requirements of the ‘Standard for Fuses.’” Examples 
of 600-volt rating of the four standard sizes (30-, 60-, 
100-, and 200-amp) are shown in Fic. 9. While having 


Fig. 9. Representative examples of new high-interrupting-capacity low- 
voltage power fuses. Shown (left to righ ) are the 30-, 60-, 100-, and 200- 
amp sizes of 600-volt rating 


the limiting dimensions of standard cartridge fuses, 
the mechanical design includes certain features which 
make possible the use of special clips that will not 
accept fuses of lesser interrupting capacity. These 
features consist of grooves in the ferrules of the ferrule- 
type fuses (Fic. 9), and a shorter body in conjunction 
with a projection at the base of the blade in the blade- 
type fuses. 


CONCLUSIONS 

(1). The need in the United States for fuses with 
high interrupting capacity for use on low-voltage 
circuits, now can be satisfied with specially designed 
fuses of the current-limiting type. 

(2). A line of such fuses has been developed satis- 
fying in every respect the ‘‘Standard for Fuses’ of the 
Underwriters’ Laboratories, Inc. 

(a). Through compliance with standardized dimen- 
sions, fuses of the new line have the same physical 
sizes as conventional cartridge fuses. 

(b). Through compliance with heating and melting 
requirements of the ‘Standard for Fuses,” ratings 


(Continued on following page) 
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GENERAL ELECTRIC ANNOUNCES 


High-voltage Selenium Rectifiers. 


| 


Now a 26-volt RMS selenium rectifier cell with a life expectancy of 
over 60,000 hours! By a new process, our engineers produced this 
new rectifier cell with amazingly improved performance characteristics. 
We believe that these new high-voltage selenium cells are far superior 
to any other 26-volt RMS rectifier cells now available. 


EXTREMELY SLOW AGING 

These new high-voltage selenium cells have an extremely low initial 
forward resistance. Tests show that at the end of 10,000 hours this 
low initial forward resistance increases less than 6%. We know of 
no other high-voltage selenium cell on the market which can even 
approach this performance. 


For additional information, contact your nearest G-E Apparatus De- 
partment Sales Office or write Section C461-5, Apparatus Department, 
General Electric Company, Schenectady, N. Y. 
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Pulp Products Department 
WEST VIRGINIA PULP & PAPER COMPANY 


230 Park Avenue, New York. N.Y. 35 E. Wacker Drive, Chicago, Ill. 
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NEW LOW-VOLTAGE POWER FUSE 


(Continued from preceding page) 


of the new line provide proved overload protection, , 
and can therefore be applied, rating for (ampere) ) 
rating in the same way as conventional cartridge» 
fuses. 

(3). Interrupting ability in excess of 100,000 amp) 
rms at 250 and 600 volts, 60 cycles, results from use of! 
special materials and design factors established in} 
controlled a-c and d-c short circuit tests. 


(4). D-c interrupting ability, not completely deter- - 
mined through the range of rates of rise of current, 
(inversely proportional to circuit inductance) occurring ' 
in d-c circuits, has also been demonstrated to be a. 
considerable advance over the d-c interrupting capac- 
ities provided heretofore. 


(5). Measurements from oscillograms taken during 
short-circuit tests make possible the evaluation of the 
heating effect—Jf7?dt of current-time ‘‘let-through”’ by 
the fuse. 


(6). Determination of the melting and arcing por- 
tions of the total “let-through’”’ forms a basis for 
matching short-time ratings of other devices with the 
short-time fuse characteristics. 


(7). Co-ordinated protective schemes in which 
members of such a series of current ratings of high- 
interrupting-capacity fuses are applied one ahead of 
(nearer the source) another, call for the use of ampere 
ratings having a ratio of 2:1 or greater for large avail- 
able short-circuit currents. 


(8). The transient recovery voltage associated with 
the current-limiting character of such a line of fuses, 
is relatively slow-rising and reaches peaks in the order 
of only 1200-1400 volts, easily tolerated by the insula- 
tion ordinarily used in 250- and 600-volt circuits, and 
an improvement in this respect also over voltage trans- 
sients produced by conventional cartridge fuses. 


APPENDIX 


Shown in Fic. 10 are the numerical relationships 
between the rms value of a symmetrical a-c short- 
circuit current, taken as 1.0, and the offset current 
resulting from various amounts of a d-c component 
added to the a-c current. In addition to the theoretical 
maximum of d-c present to the same amount as the 
peak value of a-c (in this case = V2) with total rms 
value 1.732, well accepted@” factors of 1.6 for trans- 
mission circuits (momentary rating for circuit break- 
ers—also total rms current for power fuses) and 1.25 
for low-voltage circuits are shown. In the latter case, 
the maximum rms current possible in one phase would 
be 1.5 compared to the rms value of the a-c alone of 
1.0, the 1.25 factor being the results of averaging 
three phases.” The ratio of peak value to the total 
rms (1.68 for low-voltage circuits) was used in plotting 
the current-limiting curves in Fic. 7, in which the 
curve for each ampere rating becomes tangent to the 
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Fig. 10. Numerical relations between peak and rms values of a-c short 
circuit currents having both a-c and d-c components 
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line starting at 1680 peak amp for the 1000-rms amp 
short circuit, and increasing linearly with the available 
current. The currents at which the current-limiting 
curves depart from this line are those at which the 


-current-limiting effect commences. 
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for HIGH-EFFICIENCY Video Control 


tf LOW-CAPACITANCE 
| Video Relays 


CHICAGO 


OTHER AUTOMATIC ELECTRIC 
For smooth, chatter-free control, switch your 

video programs with Automatic Electric video T ELE P H 0 A) E-TY PE ¢ 0 NT RO LS 

relays. Automatic Electric made its first video 

relay more than ten years ago, and today offers 

two types, each providing exceptionally low 

Capacitance between contact springs, and low 

Capacitance between springs and ground 
(frame, mounting, etc.). 

In addition to these low-capacitance char- 
acteristics, Automatic Electric video relays 
provide the dependability of ‘‘twin” con- 

tacts and the small size you need for compact 
mounting. The Class ‘“‘C’’ video relay (back- 
ground above) is especially suitable for strip 
mounting; it is only 0.687” wide and 214” 
high and is 51549” in overall length. The Class 
“S” relay (two views in foreground) is 1” 
wide, 134” high and 1194” long, overall. 

Operating mechanisms are basically standard 

Automatic Electric designs, thus assuring the 

high operating efficiency for which Automatic 
Electric controls are famous. 

To receive complete information, simpl 
let us know your specific needs. Address 
AUTOMATIC ELECTRIC SALES CORPO- 
RATION, Chicago 7, Ill. In Canada: Auto- 

matic Electric (Canada) Ltd., Toronto. 


Efficient, dependable 
Automatic Electriccon- 
trols are available also 
for many other uses in 
your station and studio. 
Lever, turn and push- 
type keys; telephone- 
type dials; stepping 
switches; lamp jacks 
and caps—as well as a 
complete range of tele- 
phone-type relays car- 
rying the Automatic 
Electric name — are 
now in service in many 
of the largest and finest 
program switching in- 
stallations. 
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Stepping Switches 


Turn Keys 


Lever Keys 
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PURE, DRY hydrogen is supplied to this 
General Electric 3-stage bell-type controlled 
atmosphere furnace for copper brazing and 
bright annealing and hardening. 


Why this 


electric furnace uses 


PURE, DRY 


hydrogen atmosphere 


for tHluxless brazing 


of stainless steel 


Brazing compounds WET stainless-steel sur- 
faces being bonded together, in the absence of 
fluxes, only when the furnace atmosphere is 
DRY. Assemblies are surrounded here with 
PURE, DRY hydrogen. Brazed joints are free 
from flux inclusions, are sound, tight and uni- 
formly strong. Parts come out bright and clean. 

The hydrogen system shown above first re- 
moves all oil, then converts any oxygen into 
water, and finally removes all moisture to 
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LECTRODRYER 


Lectrofilter removes oil vapor. Lectrodryer 
removes moisture to about -100° F. dewpoint. 


dewpoints of about -100° F. 

Where your brazing, carburizing, sintering 
or heat-treating involves controlled atmos- 
pheres, consult your gas generator builder. 
He’s an expert. Where a DRY gas is indicated, 
he’ll probably recommend a Lectrodryer. 

For help on any DRYing problem—air, 
gases and organic liquids—write Pittsburgh 
Lectrodryer Corporation, 302 32nd Street, 
Pittsburgh 30, Pennsylvania. — 


In England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 
In Australia: Birlec, Limited, 51 Parramatta Road, Glebe, Sydney. 
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GENERAL ELECTRIC REVIEW, 


VOLTAGE NAMES 


OF EQUIPMENT AND SYSTEMS 


The rise over the years of many different voltage names has 
brought about need for standard terminology for designating 
rated voltages of equipment and nominal voltages of systems 


By J. R. ELIASON 


Industrial Engineering Divisions, Apparatus Department 


General Electric Company 


NE of the most important characteristics by which 

we designate electric equipment and systems is 
the voltage. So, a reference to voltage is always included 
in the identification of a piece of electric apparatus or 
an electric power system. 

In speaking of equipment, the voltage to which the 
operating characteristics are referred is the rated 
voltage. In speaking of systems, however, rated voltage 
is not an applicable term, because various pieces of 
equipment in a given system often have different volt- 
age ratings. Therefore the term ‘“‘nominal voltage’ is 
used for convenient designation of systems and circuits 
to define the voltage class. 

The problem of proper identification would be easier 
if all apparatus of a given voltage class had the same 
voltage rating. Then, of course, the nominal system 
voltage could have that same value. Undoubtedly, if 
the industry were starting over again, voltage identi- 
fication would be made that simple. But, as systems 
grew, voltages were inched up to compensate for the 
voltage drop between source and load. Transformers, 
lamps, motors, and systems were all once on a base of 
110 volts; then voltages were raised so that 115 volts 
was the standard for transformers, lamps, and systems, 
while motor ratings remained at 110 volts. Conse- 
quently there were then two kinds of voltage names: 
one based on 110 volts for motors, and one based on 
115 volts for other equipment. System voltages were 
raised again sometime after the 208Y/120-volt network 
was introduced, in order to get voltages as high as 
feasible for polyphase motors operated from the 208- 
volt networks. That brought voltage designation up to 
the 120-volt level for systems and for most power- 
system equipment except motors and their control. 

There are many factors in the over-all picture, but 

the combined effect has brought us to the point of 
having different voltage names for the various pieces 
of equipment and for the systems in a given voltage 
class. Because of this difference the proper voltage 
name should always be used in referring to a specific 
piece of apparatus or to a system. Without an attempt 
at further explanation of why the present identification 
system exists, the proper method of designation will 
be outlined here. 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—Ep1ToR 
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The one-line diagram (Fic. 1) shows a typical method 
of distributing power in industrial plants, and will be 
used as reference to identify some portions of the 
systems and equipment referred to in this article. 


RATED VOLTAGES OF TRANSFORMERS 

Transformer voltage ratings are based on the no-load 
values, so that the ratio of primary to secondary rated 
voltages is equal to the turn ratio. 

The transformers have a voltage rating for each 
winding. These are the voltages at which character- 
istics are measured; they also represent the turn ratio 
of the windings, and therefore represent the voltages 
which will appear at the various terminals at no-load 
when one winding is excited with rated voltage. The 
voltage ratio under load depends upon the magnitude 
and power factor of the load. It is significant that the 
secondary voltage—for example, 480 volts—is the no- 
load voltage that will be obtained when rated primary 
voltage is impressed upon the primary winding. This 
is normally above the rated voltage of utilization equip- 
ment. However, the secondary voltage normally de- 
creases as load is applied to the transformer. Therefore, 
under load conditions the secondary voltage at the 
transformer is more nearly equal to the utilization- 
apparatus voltage ratings. This is why transformer 
secondary voltage ratings are always higher than motor 
voltage ratings. What, then, are standard transformer 
voltage ratings for industrial plants? 

Let us first look at primary or master unit substations 
and transformers which step down from some voltage 
above 15 kv to plant primary distribution voltage, 
which is generally below 15 kv (see Fic. 1, top sub- 
station). The standard primary winding (A, Fic. 1) 
voltage ratings of this class of substations and trans- 
formers are: 110, 67, 48.8, 34.4, and 22.9 kv. 

These are the actual transformer winding ratings, 
derived from the old rating structure based on second- 
ary ratings in multiples of 115 volts. When secondary 
ratings were boosted to multiples of 120 volts, the high- 
side rating was raised to maintain the same turn ratio. 
For instance, 33,000—2300 volts was once a standard 
rating; the corresponding present-day transformer 
would be rated 34,400—2400. The familiar designa- 
tions 115, 69, 46, 34.5, and 23 kv refer to the classes 
of insulation used with these transformers. 
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Secondary winding (B, Fic. 1) voltage ratings of this 
class of substations and transformers are: 1S S32 
12, 6.9, 4.8, 4.16, and 2.4 kv. . 

Next let us look at transformers in load-center unit 
substations (see Fic. 1, bottom substation) used in the 
industrial plants for stepping down from plant primary 
distribution voltage to utilization voltage. As already 
stated, the plant primary voltage is usually less than 
15 kv; therefore the following listing of the primary 
winding (C, Fic. 1) voltage ratings of load-center unit 
substations includes only voltages below this value. 
Bese are: 13.8, 13:2, 12; 6.9) 4.8, 4.16, and 2:4 kv. 

Note that the primary voltage rating of this class of 
transformer (bottom, Fic. 1) is the same as the sec- 
ondary voltage.rating of the primary substation trans- 
formers (top, Fic. 1). At one time the primary sub- 
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station transformers (top, Fic. 1) had a secondary volt- 


age rating one step above the primary voltage rating 
of the secondary substation transformers (bottom, Fic. 
1). For example, the transformer ratio of the primary 
substation might have been 34.4 to 2.4 kv for supplying 


primary plant distribution voltage. The secondary sub- 


station transformers in the plant would, under the old 
schedule, have been rated 2.3 kv to 480 volts. By the 
judicious use of transformer winding taps and use of 
the load-center system to reduce. voltage drop to a 
minimum, the need for this difference in ratings has 
disappeared. This has simplified the voltage-rating 
picture. Under present practice the primary substation 
(top, Fic. 1) would have a rating of 34.4 to 2.4 kv and 
the secondary substation (bottom, Fic. 1) in the plant 
would have a rating of 2.4 to 480 volts. 

The voltage ratings of secondary substations in the 
plant which supply motors and other utilization equip- 
ment are divided into two classes—those for serving 
utilization equipment above 600 volts, and those for 
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TABLE 


TRANSFORMER SECONDARY (D in Fic. 1) VOLTAGE 
RATINGS FOR SUPPLYING UTILIZATION EQUIPMENT 


For Ratings Above 600 Volts For Ratings 600 Volts or Below 


6.9 kv 600 volts (wye or delta) 
4.8 kv 480 volts (wye or delta) 
4.16 kv 240 volts 

2.4 ky 208Y/120 volts 


serving utilization equipment below 600 volts. Stand- 
ard ratings are listed in Table I. 

All unit-substation transformers have taps in the 
primary winding to allow compensation for voltages 
that vary from the transformer rating. The most com- 
mon method of tap changing is manual operation with 
the transformer de-energized. There are four taps— 
two 214 percent above and two 2% percent below 
normal—giving a total adjustment of plus or minus 5 
percent. Automatic tap changing under load, or load 
ratio control, is available in package or master unit 
substations with a range of plus or minus 10 percent. 

Combined light and power systems are frequently 
used where motors are supplied at 480 volts, for ex- 
ample; and lights are supplied at 120 volts from the 
same 480-volt system, using dry-type transformers. 
The standard primary voltage ratings for these lighting 
transformers are: 600 volts, 480 volts, and 240 volts; 
and the standard secondary voltage ratings are: 
208Y/120 volts and 120/240 volts. Two 5-percent taps 
below normal are provided in these transformers to 
allow for operation of 120-volt lamps near their rated 
voltage when the voltage on the 480-volt system is 
below 480 volts, as it normally will be. 

Transformer voltage designations become rather 
complex. For instance, windings may have series-par- 
allel connections. Or they may be designed for connec- 
tion line-to-neutral on higher-rated-voltage systems, 
such as 2400-volt transformers which are suitable for 
line-to-neutral operation on 4160-volt systems. These 
and other complex arrangements make exact identifi- 
cation desirable. This is covered in more detail in the 
appendix at the end of the article. 


RATED VOLTAGES OF GENERATORS 

Since the generator is a source of electric power and 
is often in parallel with primary substation trans- 
formers (see Fic. 1), its voltage, and consequently its 
rating, is in practically all cases the same as the trans- 
former’s in a given voltage class. Listed here are the 
three-phase generator ratings that are recommended 
by the latest EEI-NEMA report: 


120 volts 2400 volts *12,500 volts 
208Y/120 volts 4160 volts 13,800 volts 
240 volts 4800 volts 14,400 volts 
480 volts 6900 volts 
600 volts *11,500 volts 


*These ratings differ from transformer ratings. The corresponding trans- 
former rating is 12,000 volts. Transformer taps allow for operating in parallel 
with generators of either of these voltage ratings. 
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The 14,400-volt rating has been adopted largely in 
large generating stations where the input is transformed 
up to higher voltage in a unit transformer-generator 
scheme (see FIG. 2). 


MOTOR RATED VOLTAGES 

At the other end of the system are the motors; and 
their ratings reflect the fact that, because of voltage 
drop, voltage at utilization equipment is somewhat 
lower than at the sources of power. 


ne 
; 


| HIGH VOLTAGE BUS 


Fig. 2. Unit transformer-generator scheme 


In Table II it will be evident that the motor voltage 
ratings are less than transformer ratings or nominal 
system voltage. For example, 6.6-kv motors would be 
used on systems whose nominal rating is 6.9 kv and 
which are supplied by transformers whose secondary 
ratings are 6.9 kv; 440-volt motors would be used on 
systems whose nominal ratings are 480 volts and which 


are supplied by transformers whose secondary ratings 


are 480 volts. 
Single-phase motors are usually rated 115 or 230 


volts. The standard voltage ratings of polyphase mo- 
tors are: 


110 volts 550 volts 6600 volts 
208 volts 2300 volts 11,000 volts 
220 volts 4000 volts 13,200 volts 
440 volts ’ 4600 volts 


The spread between source-equipment rating and 
motor rating is not so great in the higher voltage 
classes, because voltage drops are not so pronounced. 
For instance, motors supplied by 2400-volt sources used 
to be rated at 2200 volts; however, they are now rated 


‘ 
ze: 


ee 


at 2300 volts to bring the rating more nearly in line 


with the voltages actually encountered in service. 


RATED VOLTAGES OF LAMPS 

Incandescent lamps are standardized at 120 volts. 
Higher voltages have not, in general, been found 
satisfactory. 

Fluorescent lamps offer a wider range of operation 
and are commonly rated 118, 208, 236, and 265 volts 
(for line-to-neutral on 480-volt systems). If fluorescent 
lamps become available for operation across the lines 
of 480-volt systems, then their rating will probably 
be 460 volts. 


TABLE II 


BASIC PATTERN OF VOLTAGE IDENTIFICATION 


Transformer 


Transformer Motor 


Nominal System Generator Rated : Rated L 
Voltage Voltage R Se R ee raey age Voltage Rated Voltage 
Single-phase Systems 
120 or 120/240 120 or 120/240 120 or 120/240 120 15 118 or 120 
240 or 120/240 240 or 120/240 240 or 120/240 240 230 236 
208Y/120 208 Y /120 208Y/120 120 115 118 or 120 
Three-phase Systems 
120 120 120 120 110 118 or 120 
*208Y /120 208Y/120 , 208Y/120 . 208 or 120 208 or 110 208 or 118 or 120 
240 240 240 240 220 236 
*480 480 480 480 440 265 
. 600 600 600 600. 550 
2400 2400 2400 2400 2300 : 
*4160 4160 4160 4160 4000 ; 
4800 4800 4800 4800 4600 
6900 6900 6900 6900 6600 
11,500 11,500 12,000 12,000 11,000 
12,000 12,500 12,000 12,000 11,000 
13,200 13,800 13,200 13,200 13,200 
*13,800 13,800 13,800 13,800 13,2 
22/900 22'900 wit 
34,400 34,400 
43,800 
67,000 67000 | 
110,000 110,000 


*In new installations, or wherever a selection of voltage can be made, these are 
ew f no 2 F the preferred system voltages. 
**Specifying these values for motor voltages is important: For instance, motors to operate on 4160, 6900, or 13,800-volt systems should be rated 4000 


6600, or 13,200 volts respectively. 
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- OTHER APPARATUS 


Some other types of equipment, such as capacitors 
and industrial heating equipment, have compromised 
between the extremes of generator rating and motor 
rating in a given voltage class. Industrial heating 
devices are rated 115, 230, 460, and 575 volts. 
Capacitors are rated 230, 460, 575, 2400, 4800, 7200, 
12,470, and 13,800 volts. 


Motor control equipment has the same voltage rating 
as the associated motor. 


NOMINAL SYSTEM VOLTAGES 


The choice of the numerical value to represent 
nominal system voltage is purely arbitrary and does 
not attempt to‘indicate an average system voltage. It 
is merely a name. However, it is highly desirable that 
a consistent practice in designating nominal voltages 
be followed. When used properly, the nominal voltage 


TABLE III 
STANDARD NOMINAL SYSTEM VOLTAGES 


Single-phase 


120 
120/240 
240 


Three-phase . 


120 4160 13,800 
208 Y /120 4800 22,900 
240 6900 34,400 
480 11,500 43,800 
600 12,000 67,000 
_ 2400 13,200 110,000 


should give a good picture of the voltage structure of 
a system, with a minimum of misunderstandings. The 
standard values for nominal system voltage correspond 
to the ratings of source equipment. Table III is not 
complete but is representative of industrial practice. 


SUMMARY 

The voltage identification structure is summarized 
in Table II. For each of the nominal system voltages 
listed, the table gives voltage ratings of generators, 
transformers, motors, and (in some cases) lamps. To 
illustrate the use of Table II, consider a 138,800-volt 
system. The generators would be rated 13,800. volts. 
Transformers stepping power down from transmission 
voltage would have secondary windings (B, Fic. 1) 


“rated 13,800 volts. Transformers stepping power down 


to utilization voltage in load-center substations would 
have primary windings (C, Fic. 1) rated 13,800 volts. 
Motors connected directly to the 13,800-volt bus would 


‘be rated 13,200 volts. 


In describing electric equipment, it is not enough to 
say merely “equipment for a 13,800-volt system.” 


Each piece of equipment should get individual atten- 


tion from the standpoint of voltage rating. 
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APPENDIX: TRANSFORMER VOLTAGE REPRESENTATIONS 


Transformer voltage ratings have long been ex- 
pressed by various symbolic methods. Such methods 
are essential, because to fully describe the windings of 
transformers would often require a fairly lengthy para- 
graph. However, to be of any value, a transformer 
rating so expressed should mean the same to everyone. 
To further a consistent use of symbols, both NEMA 
and ASA Standards have been established to recom- 
mend a standard transformer ‘‘shorthand.”’ 

Four symbols are used: the dash (—), the slant (/), 
the X, and the Y. In general terms, their uses are as 
follows: 


Dash (—). Used to separate the voltage ratings of 
separate windings in a specific transformer. 

Slant (/). Used to separate voltages to be applied 
to or obtained from the same winding. 

X. Used to designate separate voltages obtainable 
by reconnection of the coils of a winding in series or 
multiple combinations. 

Y. Used to designate a winding that is wye-con- 
nected. The absence of this symbol in a three-phase 
transformer rating indicates that the winding is 
delta-connected. 


The use of the dash, slant, and wye can be easily 
illustrated by the voltage rating of the transformer for 
a typical load-center substation. 

4160—480Y/277: This means the 4160-volt high- 
voltage winding is delta-connected, while the 480-volt 
winding is wye-connected with the neutral brought out. 
A three-winding transformer might have this voltage 
rating: 13,800—2400—480Y/277. 

In three-phase transformers, the slant is often used 
to indicate windings connectable in either delta or wye. 
For example, a 2400/4160Y winding can be connected 
either for 2400 volts delta, or for 4160 volts wye. Note 
that the delta voltage is expressed first. When a wye- 
connected winding has the neutral brought out it is 
signified thus: 208Y/120. Here the line voltage is ex- 
pressed first, followed by the line-to-neutral voltage. 
If the neutral is brought out with reduced insulation, 
that fact is shown by 208 Grd Y/120. 

Another use of the slant is to indicate taps, especially 
on single-phase transformers. A 240-volt winding with 
a mid-tap is expressed 240/120. When a single-phase 
transformer with a series-multiple winding is wound to 
be suitable for three-wire service on the series connec- 
tion, it is designated 120/240. When a winding has 
several taps close to the rated voltage, it is customary 
to specify them as illustrated in this specific case: Four 
21% percent rated kva taps, two above and two below 
rated voltage. 

The symbol X is used to separate the voltages 
obtainable in a series-multiple winding not suitable for 
three-wire operation. For example, a winding rated 
120 x 240 can be connected with the coils in parallel 
to obtain 120 volts, or with the coils in series for 240 
volts. 
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Here’s the way the machine-serrated contact sur- Disassembled G-E power connector showing the 


faces on G-E power connectors bite into the con- sharp serrations machined (not merely cast) into 
ductor (500 MCM tubing shown). For this test a the contact surfaces—an exclusive General Electric 
hand wrench was used to tighten the connector feature. Note that all contact surfaces are silvered, 
(right). Tension was then applied. Above photo another standard feature on all G-E connectors. 
shows that the copper “backed up.” This action The photo also shows the interlocking sides that 
assures a high-conductivity joint that will resist confine cable strands within the conductor en- 
vibration and give positive pressure on the con- closure thus obtaining full advantage of the cable’s 
ductor at all times. current-carrying capacity. 


Place an order today with your G-E sales representative and start realizing the many 

benefits to be gained by using General Electric connectors. Also, write for a copy of 

bulletin GEC-400 that contains 40 pages of valuable information on G-E connectors 

and see for yourself how easy they are to order. Write to Apparatus Department, Section 
856-54, General Electric Company, Schenectady 5, New York. 
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PRACTICAL ENGINEERING USES OF PROBABILITY PAPER 
sie Part Il 


Probability paper and tables deal with continuous variables; algebra deals with stepped variables. A 
bridge between the two systems makes possible intellegent application of the convenient probability 
paper to the algebraic type of problem. Tables are more accurate, and sometimes more convenient, 
than probability paper, but the paper gives a picture of the degree to which the data fit the normal law 


By A. BOYAJIAN 


Power Transformer Engineering Division, Apparatus Department 
General Electric Company, Pittsfield, Mass. 


pp HE METHOD of algebra in probability is very 

different from that of the normal-law paper or 
table because algebra deals with stepped—that is, dis- 
continuous—variables, the normal law with continuous 

ones. A bridge between the two methods is very desir- 
able, because the normal-law is incomparably easier to 
use. Such a bridge exists. 


What we need for this purpose is a method of calcu- 
lating y,, and o for the algebraic type of problem, and 
fortunately the method is contained in two simple 
formulas, given here as Equations (5) and (6). 

If the probability of success in one trial is p, and s 
trials are to be made, then 


Vn = SP (5) 
and o= {sp (1-p) } "4 ¢ in absolute value (6a) 


={p (1-p)/s}% (6b) 


For example, a coin is tossed 100 times. What is the 
probability of getting 60 heads or more? As s=100, 
and p=0.5, then y,=50, o=5, and the graph is a 
straight line as shown in Fic. 11. In terms of a con- 
tinuous variable, our problem is to calculate the prob- 
ability of 59.5 heads or more per hundred throws, 
because any tendency for a fractional number of heads 
will show up as the nearest integer. From the graph, 
the desired probability is 100—97.1=2.9 percent. The 
probability of either heads or tails being 60 or over 
is then 2X2.9=5.8 percent. The algebraic solution of 
this problem is rather laborious and will not be given 
here, but the answer is given by Brownlee as 5.69 per- 
cent.“ 

Before leaving this example, let us answer another 
question about this case. At least how many heads or 
tails per hundred throws will cast doubt on the coin 
or tosser being unbiased? In industrial quality control, 
an observation as high as +30 or more (representing 
0.27 percent probability) is considered good and sufh- 


o in per unit value 


(4) Industrial Experimentation p. 36-37, cited in Part I. ; 

(8) The algebraic formula for the probability, Px, of k successes in s throws, 
when the probability of success in one throw is , 1s 

Py =Cj pe (1 —p)e* 
in which C% is the combination of s things k at a time. 
i he term containing p* in the expansion of (p+q)* in which g 

ie or. Tepe This method was used for the calculation of the curves in 
Fics. 12 and 13. 


z : Z ; = OF ; : Be 
is article is so paged that, without mutilating other articles, it can 
oe removed for filing as a ‘group of full-size consecutive pages.—EpIToR 


cient reason to start an investigation. On the basis of 
that criterion, then, 65 heads (or tails) would justify 
suspicion of bias. 

In industrial problems, ordinarily we do not know 
the probability of “‘success in one trial”’ p, but generally 
do have or can have samples to obtain an estimated 
value. 


One limitation of applying a continuous probability 
curve to an integral-valued variable is that, as the 


Tr] 


co) 
je) 


ro.) 
o 


Max number of heads in |OO throws 
Lb 
) 


30 | 
20 
10 
Ol A \ 10 20 40 60 80 90 9 $99599'99 
Probability 
Fig. 11. Is the coin loaded? A graphical solution is simpler than the 


algebraic, but within limits of applicability 


curve extends to infinity on either side, it runs into 
impossible values of y. Thus, in Fic. 11, the curve would 
give finite probability values for more than 100 heads 
(per 100 throws), and also for less than zero (negative 
number of) heads! Properly interpreted, this does no 
harm. To illustrate the ‘‘proper’’ interpretation—as 
any number of heads from 99.5 to plus infinity has to 
show up as 100 heads, and any number of heads 0.5 
or less (down to minus infinity) as 0 heads—therefore, 
the probability of 100 heads out of a hundred throws 
(or zero heads out of a hundred throws) as reckoned by 
algebra will correspond, in the continuous curve (Fic. 
11), to the probability of half a head or less. This is a 
deviation from the mean value (ym =50) of (49.5/5)o or 
9.9¢. Neither our graph nor the probability tables 
go that far, but from algebra the answer is 0.5', equal 
to 0.8X10-*, an infinitesimal probability. We should 
not expect good agreement between the two methods at 
such an extreme range of probability. What degree of 
agreement may be expected between the two methods 
at the upper and the lower ends of these graphs is illus- 
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TABLE VIII 


PROBABILITY INTEGRALS 


This table of probability inte- 
grals differs from conventional 
tables, having been arranged on a 
basis most convenient for engineer- 
ing applications. It is on the 
same basis as the abcissae of the 
probability paper. Its meanings 
and uses are as follows:- 


x= Absolute algebraic value of the 
deviation of an individual case 
from the mean value of all cases. 


©@= Root-mean-square deviation of 
all the cases from their mean 
value. 


The entries in the table give 
the probability that the deviation 
of a single case at random from the 
mean value will be algebraically 
less than the corresponding x/o . 


EXAMPLE. A product has a 
standard deviation of 12: 


(1) What is the probability that a 
random unit will not deviate by 
more than (+9) from the mean? 
Ans.: x/o = 9/12 = 0.75. Hence, 
from the table, the probability 

is 0.773, or 77.3%. 


(2) What is the probability that 
the deviation of the random unit 
will exceed (+18)? Ans.: x/o'= 
18/12 = 1.5. From the table, the 
probability is 1 - 0.93319 = 
.06681, or 6.68%. 


(3) What is the probability that 
the deviation of the random sample 
Aone fall between oe and (+18)? 
0.77337 = 0.1598, he 15. Sax. 


(4) What is the probability that 
the deviation will be worse than 


(-24)? Ans.: x/o = -24/12 = 
-2. Hence, from the table, 
0.02275, or 2.27%. 


(5) What is the probability that 
the true mean value differs by 
not more than (+3), assuming that 
210 peace sae been averaged. 


Ans, V210/12 = 3.62. merken 
from. ete table, Pys Ps6o7 
0.99985 - 0.00015 = 0.99970, or 


99.97%. 


(6) If an actual deviation, with 
less than 1/10,000 probability, 
may be looked upon with sus- 
picion, what is the limit of 
passable deviation? Ans. Look- 
ing up the x/o ehecetponaine to 
a@ probability of 0.00010, x/o = 


£5. ° 


(7) What is the probability of a 
deviation worse than +t3g? Ans.: 
1- (P, - PL 3) = 1 - (0.99865 - 


0.00138) = 0.0027, or 0.27%. 
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Figs. 12 and 13. 


trated in Fic. 12 for p=0.5, and in Fic. 13 for p=0.80. 
The lines are based on y,, and o, and the circles are 
calculated by algebra. Based on these figures, the use- 
ful range of these curves with engineering accuracy 
might be said to be between the 1 percent probability 
point and the 99 percent probability point. 


PROBABILITY TABLE VS PAPER 


A little probability table like Table VIII will do all 
that this special paper will do, and do it also more 
accurately, but it will be far less convenient than the 


_ paper in seeing how well the data are consistent with 
the normal law. The graph shows this at a glance to 
the satisfaction of any engineer used to plotting data. 


Besides, if Table VIII is to be used instead of the paper, 
a laborious correlation calculation has to be made. 
Assuming that we undertake this labor and find a 69 
percent correlation, what shall we say that means? 
Whatever it means, it cannot be as eloquent to the 
engineer as seeing the arrangement of the individual 
data around the straight line. 

Table VIII is arranged to give the probability of an in- 
dividual case having a value less than y,-++ko for vari- 
ous positive and negative values of k (=*/, in the 
tabulation). It is instructive to verify from that table 
the following results, which are well worth committing 


to memory: 


Range Probability 
Vm = 0.670 50% 
Vm =O 68% 
Vn = 20 95% 
Vm +3 99.7% 
CONCLUSIONS 


Like the sine wave, the normal probability law 


Gh): 


is an ideal, not fulfilled exactly by any practical prob- 


lem, but it is frequently approximated well enough to 
justify its general use in the absence of evidence to the 
contrary. The probability paper serves this purpose 
very nicely by reducing the graphs to straight lines 


based on mean value and standard deviation. 


(2). The permissibility of the use of the normal law 


‘in a given case may be verified within engineering 
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standards by plotting the available data individually 
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Expected degree of agreement between algebraic and graphical methods. In Fig. 12, p =0.5; in Fig. 13, p=0.8 


on probability paper and seeing if they are consistent 
with the straight line based on the mean value and 
standard deviation of the data. 

(3). The normal law assumes that the variable 
can have values above and below the mean value 
without limit, which, therefore, implies also negative 
values for the variable. When it is known that a vari- 
able cannot be less than a certain figure (for instance, 0) 
or more than a certain figure (for instance, 100 percent), 
the graph may not be reliable outside the range of 1—99 
percent probability or in the neighborhood of those 
limiting points. 

(4). Probability paper (or table) may be used very 
conveniently, though approximately, for “stepped” 
variables dealt with in algebra. The approximation is 
better the greater the ratio of the value of the variable 
to the width of the minimum possible step in it, ap- 
proximating a continuous variable. This leads to the 
fortunate situation that, the less applicable the paper 
is, the more easily is the problem solvable by algebra; 
and the more difficult the algebraic solution is, the 
greater is the accuracy of the probability-paper (or 
table) solution. 

(5). Quality control by probability charts is based 
on the theory that the occurrence of an event of very 
low probability justifies investigation into an assign- 
able cause for its occurrence. For this purpose, it has 
become customary to set the warning lines for “‘very low 
probability” at +30. 


(Concluded) 
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Mallory 3 Metal and Other 
Metallurgical Products 


Mallory 3 is one of a line of age-hardening 
copper-base alloys having high electrical con- 
ductivity combined with high hardness and 
good physical properties. 


Mallory is a leading producer of unusual 
alloys and materials from such non-ferrous 
metals as copper, silver, platinum, palladium, 
tungsten, molybdenum. In addition to these 
unusual alloys, the company specializes in 
pure copper, aluminum-bronze, nickel and 
nickel alloys. The well equipped laboratories 
at Mallory are staffed by competent and 
highly trained metallurgists, chemists, and 
electrical and mechanical engineers. This 
places Mallory in a qualified position to make 
effective and impartial recommendations for 
materials best suited to our customers’ needs. 
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Mallory 
Heat Dissipation Problem 
With Mallory 3* Alloy 


A Mallory customer presented the problem of a greatly 
improved type of aircraft cargo hoist, completely developed, 
except for the difficulty of finding a clutch disc material that 
could stand the gaff of engaging under heavy loads at 
12,000 rpm. Repeated efforts over a number of months 
with various materials had been unsuccessful. 


Mallory fabricated a disc of specially heat-treated Mallory 3 
Alloy...and the problems of wear and heat dissipation 
were solved. 


That customer bought a quantity of these components at a 
price of $17.00. What they received was a valuable engineer- 
ing service that made possible the perfection of a $5,000 
assembly. That’s service beyond the sale! 


If you have a metallurgical problem in the field of non-— 
ferrous alloys—if you want your problem to receive fast, 
qualified engineering service based on many years’ experience 


in this broad field—call on Mallory. 


In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St., Toronto 15, Ontario ; 


Metallurgical Products and Alloys 


P. R. MALLORY & 
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SERVING INDUSTRY WITH 


Capacitors Contacts 
Controls Resistors 
Rectifiers Vibrators 
Special Power 
Switches Supplies 


Resistance Welding Materials 


*Reg. U.S, Pat. Off. 
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Educational Thy-Mo-Trol Drive 


A new full-wave reversing educational 
Thy-mo-trol drive has been designed to 
assist in the teaching of electronic motor 
control and associated circuits. 

The demonstration equipment consists 
of seven circuit panels and five instrument 
panels assembled on a steel frame, mount- 


tis 


ed vertically on a steel table. The circuit 
diagrams are molded in white into the 
front of the dark panels. The actual wiring 
and all components except the tubes are 
behind the panels, with all important cir- 
cuit points brought to the front of the 
panel by insulated banana-plug jacks. 
The Thy-mo-trol motor, tachometer 
generator, and manually operated brake 
are mounted on a common subbase for 
separate mounting by the school. The con- 
trol station is mounted on the table, and 
the anode transformer is also on the table 
behind the panel. The instrument panels 
are across the top of the control panel as- 
sembly. This location, together with the 
use of long-scale instruments, makes the 
equipment particularly suitable for group 
instruction or demonstration. 
The control panel has been especially 
_ designed to make circuit study easy for the 
student. The diametric half-wave circuit 
used has been laid out in elementary form. 
Simple triodes rather than multiple tubes 
have been used throughout in order to 
make it easier for the student to analyze 
_the various parts of the circuit. The panel 
operates on a 220-volt single-phase 60- 
cycle line. 
The motor furnished is a special 1-hp 
d-c Thy-mo-trol motor, with double shaft 
extension. This, with a tachometer genera- 
tor mounted at one end and a manually 
operated, spring-release loading brake at 
the other, is mounted on a suitable base 
‘and can be located as a unit at any con- 
venient place for test or demonstration. 
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The motor can be operated over the range 
of from 2300 to 1150 rpm by field control 
and from 1150 to 46 rpm by armature- 
voltage control. 

Reversing is accomplished by means of 
magnetic switches, which reverse the 
armature connections. Thus, the d-c motor 


Educational Thy-mo-trol drive 
includes table and motor, 
tachometer, and manual brake 
assembly 


may be at its maximum rpm rating and be 
reversed instantly. 

The circuits are subdivided on panels 
so that individual panels can be isolated 
and used for the study of fundamental por- 
tions of industrial electronic circuits. The 
complete unit includes the anode trans- 
former, control station, motor assembly, 
and table-mounted panel. 

Thy-mo-trol equipment, which has be- 
come an important tool in modern in- 


dustry, provides wide-range stepless speed ° 


control of d-c motors operating from an a-c 
circuit while maintaining essentially con- 
stant speed with constant torque output. 


Nonferromagnetic Synchrotron 


A new type of particle accelerator, 
which is ultimately expected to produce 
x rays of 300,000,000 volts, was recently 
reported successful in operation in its 
first phase. 

Known as a “‘nonferromagnetic syn- 
chrotron,” the new machine has been 
operated thus far up to about a million 
volts and is expected to be in operation at 
much higher energies before the end of the 
year. It will be used to study the effects of 
high-energy radiation, particularly in 
nuclear research. 

This new particle accelerator is of a 
design that eliminates the huge iron-core 
electromagnet commonly used in such 
devices. The requisite powerful magnetic 
fields are produced solely by specially 
designed coils in a cylindrical steel tank 
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26 in. high and 614 ft in diameter, with 
one-inch-thick walls, from which air has 
been exhausted. By means of this group 
of coils initial betatron acceleration and 
subsequent synchrotron operation are 
obtained. 

There is no separate “doughnut”, as in 
the earlier type, since the entire tank is 
evacuated and the electrons move in the 
space between the inner and outer coils. 
During first operation the vacuum was 
about a hundred millionth of an atmos- 
phere. This allows enough gas molecules 
to remain to cause appreciable scattering 
of the electrons, though it does not prevent 
operation. As the vacuum is improved, to a 
billionth of an atmosphere or better, the 
scattering may be decreased accordingly. 


Turbidity Recorder 


The clearness of liquids, from tap water 
to muddy Missouri River water, can be 
measured by a new photoelectric instru- 
ment called the “recording turbidimeter,” 
which continuously measures and records 
the quantity of particles suspended in 
fluids flowing through it. 

The turbidimeter provides a means of 
checking and controlling processes in 


Typical laboratory installation of the turbidimeter 


water-treatment and sewage-disposal 


“plants, and in other operations where 


turbidity is an important consideration. - 

As a light beam is sent through the 
fluid that is passed through the automatic 
instrument, three electric eyes measure 
the percentage of light that travels in a 
straight path as compared with light 
scattered to the sides by suspended 
particles. 

The turbidimeter is expected to fulfill 
the requirements of water turbidity re- 
ports required by many state health 
departments, and will save laboratory 
technicians’ time by making the measure- 


(Continued on following page) 
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ments automatically. It can also alert 
operators immediately if turbidity ex- 
ceeds predetermined limits. 

The equipment should be useful in 
certain chemical processes as well as in 
sanitation engineering, according to its 
designers. It is capable of determining the 
end-points of processes in which salts are 
precipitated out of solutions, and of moni- 
toring chemical wastes to see whether they 
should be treated. 


Zncube 


Zinc, in the past a weak metal of little 
use in engineering, now can be made as 
strong as brass. A newly developed alloy 
composed principally of zinc, with small 
quantities of copper and beryllium added, 
is reported to have approximately the 
same strength and electrical characteris- 
tics as brass. The alloy is also said to be 
considerably cheaper than brass. 

Called ‘‘zncube” (pronounced zin-cue- 
be), from the chemical symbols for its 
makeup, the alloy has about eight times 
the useful strength of any other zinc 
alloy now in use. A foot-long strip of 
ordinary zinc js in. thick will droop 
slowly from its own weight when held 
horizontal at one end. With the addition 
of a small percentage of copper and 
beryllium, however, zinc takes on a 
springy, resilient quality. 
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EXTRA LIGHT RADIAL BEARINGS 


For light loads, low torque, 
high sensitivity, use R.M.B. 
Extra Light Ball Bearings — designed 
specifically for this purpose. _ 


Among applications in which cheaper 
zncube might be substituted for brass 
are listed lamp and fuse sockets and bases, 
panels, containers, mild springs, and many 
forms of hardware. The alloy is said to 
machine, solder, and resistance-weld easily. 


New Compound Discovered 
By Mass Spectrometer 


Evidence pointing to the existence of a 
hitherto unknown compound of the ele- 
ments boron and hydrogen has been 
found. The discovery was believed to 
have been the first of its kind made by 
the mass spectrometer. 

A number of compounds of boron and 
hydrogen, which are called boron hy- 
drides and have many important possible 
applications, have been studied, partic- 
ularly in regard to the way they decom- 
pose. In these the proportion of boron to 
hydrogen is 2 to 6, 4 to 10, 5 to 11, 10 to 
14, etc. The new compound seems to 
have the proportion of 9 to 13, which 
would make its chemical formula BgH43. 

The mass spectrometer, which has been 
termed an ‘‘electronic chemist,” is now 
widely used for rapid chemical analysis. 

A small amount of the substance to be 
studied is admitted, in gaseous form, to an 
exhausted tube in the instrument, where 
it is bombarded by a stream of electrons. 
Ions of different weights are sorted out 
into a spectrum; a collector plate picks up 


ions of a certain mass, and their intensity ° 
is measured by the current they carry. . 
A record of the current from the collecting ; 
plate is recorded as a line with a number ° 
of peaks, each peak corresponding to a | 
combination of ions of particular mass. 

Some boron atoms have a mass of 10 
units, and others of 11, while each hy- 
drogen has one unit of mass. Consequently 
the hydride containing 10 boron atoms to 
14 of hydrogen has a group of peaks 
around 115 units. 

Examination of the mass spectrum of a 
hydride with the 5-to-11 ratio which had 
been stored for a considerable time at a 
temperature of —108 F revealed that it 
had partially decomposed into several 
others, including the 10-14 combination, 
which showed its usual peaks on the chart, 
also peaks around 105 units, correspond- 
ing to no boron hydride now known. 


There are two series of the hydrides, 
one of which is stable and contains four 
more hydrogen atoms than boron atoms; 
the other compounds, which are unstable, 
have six extra hydrogens. Scientists have 
suggested that the new compound may be- 
long to the stable series, so to make 105 
units it would have the nine to 13 pro- 
portion. However, it is believed not im- 
possible that it belongs to the unstable 
series, with the proportion of nine to 15. 
In this case there would have to be more 
of the lighter kind of boron atoms to keep 
the total mass about the same. 


DO YOU KNOW? 


—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. . .add attraction—safety—service ? 


— what lamp to use 
— how to use it 

— what it will do 

— what it will cost 


THIS MAY BE THE ONE 


Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed 


Catalogue Number 521308 — 997 
for 110 or 220 volts. 


COMPARE THESE TYPICAL RELATIONSHIPS: 


No. 
205 
409 
714 
1019 


0.D. 
.1969” 
3543 
9912 
.1480 


Bore 
.0787” 
1575 
2756 
3937 


There are 8 additional stock sizes in this series. 


Width 
0591” 
0984 
1378 
1772 


Write today for Catalog, Price List and 


», Substantial Quantity Discounts 


Good Deliveries — Experimental 


Quantities from Stock 


LANDIS & GYR, INC. 
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SAMPLES 
for design purpose 
NO CHARGE 


NEW! Write for the 
« “HANDBOOK OF PILOT LIGHTS,” 


Write us on your design problems. 


@ Rugged 


Foremost Manufacturer of Pilot Lights 
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NEW PRODUCTS: 


Cable-fault Locator 


_A high-voltage d-c impulse transmitter 
with pickup coil and pointer indicating 
detector comprise a new cable-fault locator, 
Model 2-2, designed primarily for locating 
faults on lead-covered cable installed in 
ducts. It can be used also on aerial and 
buried cable, and is effective in utility and 
industrial service. In operation the set is 
essentially independent of the type of fault 
or its apparent resistance, and depends only 
on the impulse voltage required to break 
down the fault. The device is rated up to 
20 kv with a discharge capacitance of 2.5 
wf, for use on all cable up to 15 ky and 
higher. The set requires about 500 watts to 
operate, from a 115-volt source.—James G. 
Biddle Co., 1316 Arch St., Philadelphia 7, Pa. 


Rod and Tube 


Teflon, technically known as polytetra- 
fluorethylene, is now furnished in rod and 
tubing form for machining purposes. It has 
a number of applications in the electrical 
and electronic fields where it is used asa 
high-frequency insulation. In many proc- 
essing industries Teflon is used because of 
its almost complete inertness, high-tem- 
perature resistance, and nonsticking quali- 
ties—The Polymer Corp., Reading, Pa. 


Principal-strain Computer 


A new electronic computing instrument 
for automatically indicating and computing 
principal strains operates directly from 
equiangular, rectangular, or tee-delta, strain- 
gage rosettes. A total of 48 rosettes, of either 
the 3- or 4-gage variety, can be connected to 
the computer. To adjust for different gage 
arrangements, it is merely necessary to 
operate a single selector switch. After each 


increment of strain is applied, the operator 
can read and record the major and minor 
principal strains and the principal angle just 
as fast as he can operate the rosette selector 
switch and read and tabulate the results. The 
rosettes are powered by a 400-cycle carrier, 
and all operations in the calculations are per- 
formed on this carrier without any modula- 
tion or demodulation, and the waveform 
and frequency are not critical. 

The computer contains within one cab- 
inet all the oscillators, amplifiers, and 
power-supply equipment for operation 
directly from a single source of 115-volt 
60-cycle power. A total of 75 vacuum 
tubes are used.—Hathaway Instrument Co., 
1815 So. Clarkson St., Denver 10, Colo. 
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Magnetic Amplifier 


With magnetic amplifiers assuming a 
role of increasing importance in control 
applications a demonstration unit has been 
designed for educational purposes in schools 
and industry. The unit is so arranged that 
all basic single-phase self-saturating circuits 
can be studied. Because the characteristics 


of amplifiers connected for d-c and a-c 
output and control differ, it is important 
to be able to study all of these circuits and 
their combinations. Included with each 
unit are wiring diagrams of control circuits, 
as well as laboratory experiments arranged 
to help the student determine static and 
dynamic characteristics, internal impedance 
and optimum load, and types of control 
current.—Vuickers Electric Division, 1815 
Locust St., St. Louis 8, Missouri. 


Resin 


A new synthetic thermosetting resin, 
called Resinox 4846, especially designed 
for use as a core sand binder. The product 
is an efficient rapid-curing phenolic of high 
bond strength and low cost devised to meet 
the exacting requirements of the foundry 
industry. A wide range of core properties 
obtainable includes high tensile strength, 
high baked permeability, resistance to 
abrasion, rapid baking without green center, 
excellent detail and dimensional stability, 
and collapsibility and shake-out.—Mon- 
santo Chemical Co., Plastics Div., St. Louis 
4, Missourt. 


Spot Lamp 


A new 300-watt narrow-beam spotlight 
lamp of the all-glass sealed-beam type 
designed for applications requiring a spot 
of high intensity for the longer throws 
indoors from high ceilings and for numerous 
outdoor uses. The lamp projects a beam of 


GENERAL ELECTRIC REVIEW 


AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


approximately 15 degrees; its base is of the 
mogul end-prong type. The lamp, designed 
for any burning position, has a life rating of 
1000 hr. It should be supported by its rim 
only, and for outdoor use a proper housing 
should be used to protect the bulb from 
rain and snow. At present the lamp is 
available only in lighting equipments which 
manufacturers. are designing for its use. 
Later, it will become available separately, 
for replacement needs.—General Electric 
at Lamp Dept., Nela Park, Cleveland 12, 
0. 


Indicator Meter 


A new portable direct-reading indicator 
for the determination of the ratio of lead 
and tin content in solder. With this indi- 
cator meter, up to 7 percent tin content of 
lead alloys can be tested in a matter of 
seconds. Application of this instrument by 
users of solder, such as manufacturers of 
tin cans, etc., eliminates time-consuming 
laboratory tests and results in considerable 
savings and improved product quality.— 
Wheelco Instrument Co., 847 W. Harrison 
St., Chicago 7, Illinois. 


Pump Fluid 


A new di-2-ethylhexyl sebacate Narcoil- 
20 diffusion-pump fluid specially treated for 
high-vacuum use. This ester is capable of 
attaining low pressures, and it can be used 
in any diffusion pump for service when 
pressures of less than 0.1 micron are re- 
quired. It is available in pint, quart, and 
gallon containers for laboratory to plant- 
scale applications and it should be of partic- 
ular interest to large users of diffusion-. 
pump oil, such as cathode-ray tube manu- 
facturers.—National Research Corp., 70 
Memorial Drive, Cambridge, Mass. 


Tantalytic Capacitor 


A new 1-microfarad 150-volt d-c Tantaly- 
tic capacitor for use in electronic apparatus. 
A size reduction up to 90 percent of that 
required by paper capacitors and the prom- 
ise of much longer life are two of its ad- 
vantages made possible by the use of 
tantalum in foil form together with a special 
noncorrosive electrolyte. Designed for ap- 
plications where small size and superior 
performance are the major factors, this 
hermetically sealed electrolytic capacitor 
offers longer shelf life, greater stability, lower 
leakage currents, and better low-tempera- 
ture characteristics than conventional elec- 
trolytic capacitors.—General Electric Co., 
Apparatus Dept., Schenectady 5, N. Y. 
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Attachment for Jackbit 


A new attachment permits realization of 
the full drilling economies possible with the 
long-wearing Carset jackbits. It is of the 
shoulder type, employing a 38-deg reverse- 
buttress thread, developed particularly to 
resist shock and impact while still prevent- 
ing slippage, excessive thread wear, or loss 


fetes 


of drilling speed. The form, pitch, and size 
of thread have been selected to give both 
attachment and bit maximum thread life. 
The effect of the matching 38-deg surfaces 
is to cushion and absorb the destructive 
reciprocating and rotational forces that tend 
to ruin bit threads or to break the threaded 
extensions on drill rods. The threads on this 
attachment are designed to last the life of 
the bit. Four sizes of attachments are 
offered to cover bit gage sizes from 13% in. 
to 3 in.—Ingersoll-Rand Co., 11 Broadway, 
New York 4, N. Y. 


Plug-in Busway 


LTG Flex-A-Power is a new kind of plug- 
in or trolley busway for lighting, small 
power tools, business machines, and ap- 
pliances. Rated 50 amp, 250 volts, it makes 
two, three, or four circuits available in one 
neat, compact housing and allows inde- 
pendent control over each. The equipment 
becomes an overhead electric power high- 
way formed by a steel housing which en- 
closes its copper bus bars. It may spread out 
like a whole network of highways to carry 
power over the full length and breadth of 
a plant or building. Unlike conventional 
wiring systems, which require outlets to 
be fixed at selected spots, every inch of this 
system is a potential outlet that may be 
tapped by two devices—an insert plug or 


trolley—not at special places, but at any | 


point along the run.—The Trumbull Electric 
Mfg. Co., Merchandising Division, Plain- 
ville, Conn. 


Ball-bearing Lubricant Tester 


A compact, semiportable device for low- 
temperature testing of ball-bearing lubri- 
cants eliminates the need for elaborate cold 
rooms. Heart of the device is a cooling 
chamber which resembles a large bucket 
with a smaller bucket inside it, both being 
covered by a transparent plastic lid. Dry 
ice is placed in the space between the inner 
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and outer buckets. For testing, a bearing 
is placed on a spindle in the inner bucket 
and rotated by a small electric motor. The 
tendency of the outer ring of the ball bear- 
ing to move with the inner ring is measured 
by a strain gage. If the lubricant under 
test thickens in the cold atmosphere, the 
inner ring will not turn freely, and the gage 
will register a greater strain on the outer 
ring.—General Electric Co., Works Labora- 
tory, Schenectady 5, N. Y. 


Waveform Monitor 


A new waveform monitor, Type 5034-A, 
designed for use in TV broadcast installa- 
tions. A cathode-ray tube displays the r-f 
carrier voltage on a linear time base at 
either field- or line-frequency. Further pro- 
vision ig made for measuring the relative 
amplitude of the various portions of the r-f 
envelope within prescribed accuracy limits. 
The meter is calibrated to read the modula- 
tion level directly as percentage of peak 
signal. Features of this monitor include: 
self-contained power supply; less than 10 
watts of peak r-f power required to produce 
a peak-to-peak deflection; simple gas-triode 
linear circuit; band-pass circuits factory- 
adjusted to any one of the 12 commercial 
TV channels.—Allen B. DuMont Labora- 
tories, Inc., Transmitter Div., 1000 Main 
Ave., Clifton, N. J. 


Photoelectric Eyes 


A new standard line of accessories for 
photoelectric relays, consisting of a com- 
plete range of improved light sources and 
phototube holders. The light sources are 
available at prices less than half those of 
previous models; the phototube holders 
are about 18 percent less. Snap-on covers 


for the light sources make lamp replace- 
ment. possible in about 20 sec. No screws, 
hardware, or small parts need to be juggled 
in the process. In addition, prefocused 
lamps are used throughout, assuring that 
the filament is in the proper position in 
relation to the transmitting lens of the light 
source. These new accessories can be ap- 
plied with photoelectric relays for counting, 
signalling, limiting, controlling, or protect- 
ing.—General Electric Co., Control Divisions, 
Schenectady 5, N. Y. 
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Carbide Gages 


New reversible thread-plug carbide gag ? 
offered in all sizes from 5-40, NC, NF, NEF, , 
as well as special sizes, give maximum gage? 
life, thus reducing inspection costs. Theirr 
accuracy results in passage of piece parts 3 
which might normally be rejected for re-- 
work or scrapping, a feature which provides $ 
for more economical operating costs.—Szze ? 
Control Co., 2500 W. Washington Blvd.,, 
Chicago 12, IIl. 


Register Controls 


A new line of one-way cut-off register - 
controls designed to solve the problem of ? 
accurately and automatically cutting a web } 
of preprinted material into predetermined | 
lengths so that the printed matter con-- 
sistently appears at the proper point. For’ 


simplicity this line consists of two panels; 
heretofore five were required to cover the 
same range of applications. One of the 
panels, utilizing a thyratron output tube, is 
applicable to machines having cam-oper- 
ated automatic reset switch. The other 
panel, utilizing a vacuum tube and a built- 
in electronic timer circuit, is applicable 
where machine timing is not desired. Both 
panels include voltage regulator tubes to 
compensate for variations in line voltage—_ 
General Electric Co., Control Divisions, Sche- 
nectady 5, N. Y. 


Line Wire : 


Polyethylene covered aluminum line wire, _ 
a completely new electrical conductor pos- 
sessing marked advantages where weather- 
proof or covered wire is desired. The cover- 
ing is offered in a full size range of solid and 
stranded aluminum conductor, as well as 
small sizes of aluminum cable steel re-— 
inforced. This type of covered wire is a 
smooth, clean, nonsticky plastic material, 
black in color, with superior resistance to 
moisture, sunlight, weather hazards and 
abrasion. Advantages include economy, — 
light weight, free stripping, resistance to 
abrasion and fungi, no festooning, and long 
lengths that can be readily handled because 
of light weight.—Kaiser Aluminum & 
Chemical Sales, Inc., 1924 Broadway, Oak- 
land 12, Calif. 
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IR AND HypRAULIC PowER—A _ booklet 
esigned to provide a more complete under- 
tanding of air and hydraulics and the many 
ossible applications for using these types 
f power. Shown are a number of circuit 
agrams indicating how air and hydraulics 
lay be applied to industrial equipment. 
ight pages.—Rivett Lathe & Grinder, Inc., 
righton 35, Boston, Mass. 


ONTROL LinKAGE—A leaflet presenting 
ontrol connecting linkage for use with 
ailey control drives. It contains engineer- 
mg and price data to permit choosing the 
Orrect material and arrangement to best 
uit individual applications. From the data 
ven requirements can be ordered by part 
umber from the stock of standard parts 
nd assemblies. Sixteen pages. General 
pecification CA 942.—Bailey Meter Co., 
050 Ivanhoe Rd., Cleveland 10, Ohio. 


LECTRIC TIMING Morors—An informa- 
ional catalog of interest to users of electric 
iming motors as components of their prod- 
cts. A full line of standard motors is shown, 
omplete with photographs, dimensional 
rawings, circuit diagrams, and data on 
tandard specifications and ratings of each 
nit. Eight pages. Catalog No. 322.— 
ee Manufacturing Co., Inc., Torring- 
‘on, Conn. 


FEEDERS—In addition to a complete de- 
scription of the Pecco vibratory bowl feeder 
for small parts, several application sketches 
illustrate its use in counting, washing, coat- 


ing, and degreasing; handling delicate and 
fragile parts; and removing foreign matter. 
Four pages—Perry Equipment & Engineer- 
ing Co., 810 West 18th St., Erie, Penna. 


Motors For Business Macnines—A com- 
prehensive presentation of the construction, 
performance, characteristics, and ratings of 
fractional-horsepower motors for business 
machines including typewriter motors, add- 
ing machine motors, and series motors for 
calculators and portable accounting ma- 
chines. Outlines the services available for 
handling specific application problems. 
Bight pages. GEA-5420.—General Electric 
Co., Apparatus Dept., Schenectady 5, N. Y. 


PURIFYING EQuiIpMENT—Three specially 
prepared bulletins offer solutions to power 
interruptions, engine breakdowns, and other 
utility problems resulting from contami- 
nated turbine, lube, and insulating oils, and 
Diesel fuel. One bulletin explains the right 
method together with equipment necessary 
to maintain a continuous stpply of clean 
oil during turbine or Diesel operation. Four 
pages. Titled “Absolute Certainty.” An- 
other describes the purification, dehydra- 
tion, and degasification action of the port- 
able Houdaille Purivac on oxidized insulat- 
ing oils in transformers and circuit breakers. 
Four pages. Titled ‘“Purivac.” The third 
bulletin presents the application of oil puri- 
fication equipment to typical utility prob- 
lems. Four pages. Titled ‘“You Name the 
Oil.”,—Honan-Crane Corp., 949 Sixth St., 
Lebanon, Indiana. 


TRADE LITERATURE 


RrEe_s—Presents the Toroidal light-weight 
steel reel as the modern answer to a common 
problem among shippers and users of elec- 
tric, telephone, and power cable. Also pro- 
vides interesting data on comparative de- 
livery costs. Twelve pages. Titled ‘Report on 
Reels.’’—George Evans Corp., 208 S. La 
Salle St., Chicago 4, Ill. 


SOLVENT VAporRs—A report of an investiga- 
tion to determine the lower limit of flam- 
mability and the autogenous ignition tem- 
perature of certain common solvent vapors 
encountered in ovens. Sixty-four pages. 
Bulletin of Research, No. 43.— Underwriters’ 
Laboratories, Inc., 207 East Ohio St., Chicago 
11, Illinois. 


STAINLESS STEEL—Concisely presents a 
discourse on the properties of stainless steel, 
and outlines the proper grades to use for 
parts subjectcd to heat. Ten general sug- 
gestions are given for selecting the best 
type of stainless steel for a particular heat- 
resisting application. Graphs and photo- 
graphs supplement the descriptive text. 
Twelve pages. Titled “Stainless Steel for 
Heat Resistance.’—Armco Steel Corb., 
Middletown, Ohio. 


TURBIDIMETER—A loose-leaf 5-hole punch 
sheet giving the features, application, 
theory of operation, and description of the 
recording turbidimeter for continuous tur- 
bidity measurement. Two pages. GEC-571. 
—General Electric Co., Apparatus Depart- 
ment, Schenectady 5, N. Y. 


(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) 


ELECTRONICS: EXPERIMENTAL TECHNIQUES 
(National Nuclear Energy Series—Div. V. 
Vol. I) 


Wm. C. Elmore and Matthew Sands— 
McGraw-Hill Book Co., Inc., New York. 
1949, xviii+417 pp. $3.75. . 

This is a manual of electronic circuits use- 
ful in the field of physics research. Circuits 
described were found by scientists of the 
Los Alamos Laboratory to be the most use- 
ful and the most successful for making 
nuclear and other physical measurements. 

Brief treatment in the first chapter of the 
characteristics of electronic circuit com- 
ponents is followed by construction prac- 
tices for laboratory electronic equipment, 
llustrated by a number of photographs. 

The second chapter describes basic cir- 
suit elements, the building blocks of elec- 
onic circuitry—linear networks, linear 
slectronic amplifiers, trigger generator cir- 
“uits, and other nonlinear electronic ele- 
nents. 

The remainder of the book gives detailed 
jescriptions of, and design procedure for, 
nore complete items of electronic gear such 
is voltage amplifiers of various types, elec- 
ronic counters, oscillographs, test and cali- 
ration equipment, power supplies, and 
-ontrol circuits. 

The book is well indexed, and should be of 
ise to physics laboratory students and 
esearch workers. Many of the circuit 
liagrams shown include complete circuit 
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constants; thus they can probably be readily 
constructed and put into use with a reason- 
able assurance that they will function satis- 


factorily. 
H. W. Lorp 


NEVER Too OLD 


N. Y. State Joint Legislative Committee on 
Problems of the Aging. 1949. 216 pp. Free 
while they last. (Write Thomas C. Des- 
mond, Chairman, 94 Broadway, New- 
burgh, N. Y.) 

This series of studies of many phases of 
the problems of the older worker, with 
stress on continued employment, is made by 
persons eminent in their field, and is well 
documented by appendices. 

Emphasis is laid on the treatment of each 
employee as an individual, with the result- 
ing statement that no universal predeter- 
mined retirement age can be set. 


While not in entire accord with all our 
theories on employment of the elderly 
worker—for example, compulsory retire- 
ment—this study does an excellent job as 
far as it goes. The problem of the older 
worker is examined through a proposed 
state-wide program of re-creation of life 
for the older worker, and a co-ordinated 
plan of activities has been suggested. The 
part of industry in solving this problem is 
seen as providing financial security to the 
limit of its ability through pensions, through 
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more efficient health facilities, and through 
tolerance of the older worker. Of course, the 
worker must help himself in the adjustment 
for his old age. He must take advantage of 
the advances in medical science by partici- 
pating in clinics for the discovery of 
chronic ailments, condition himself psy- 
chologically for retirement, adjust himself 
economically, and make any other necessary 
readjustments for his rehabilitation. 
One might say the committee found that 
“age is opportunity no less- 
Than youth itself, though in another 
dress, 
And as the evening twilight fades away 
The sky is filled with stars, invisible 
by day.” 
Rut E, BENNETT 


INTRODUCTION TO RADIOCHEMISTRY 


Gerhart Friedlander and Joseph W. Ken- 
nedy—John Wiley & Sons., Inc., New York. 
1949. xiii+412 pp. $5.00. 

Two recognized experts in radiochemistry 
have been able in a very readable and suc- 
cinct manner to convey to the reader a basic 
understanding of the scope and the tech- 
niques employed in this field of chemistry. 
This is accomplished by including details 
of actual experiments and experimental 
methods which are of great value to both 
students and laboratory workers. 


(Continued on following page) 
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BOOK REVIEWS (Continued) 


Although the chapter headings in the 
Table of Contents resembles that of a 
modern textbook on-nuclear physics, the 
text reflects accurately the approach of the 
radiochemist to these problems. Implicit in 
this observation and obvious to the reader 
is the basic role that the chemist plays in 
modern nuclear science and the fact that the 
developments in this field are the result of a 
firm partnership between chemist and phys- 
icist, with the dividing line between the 
two fields completely obscure. 

Chapter IX, which concerns the statis- 
tical aspects of radioactivity, merits especial 
mention. In the original Los Alamos lec- 
tures this phase was presented by Dr. R. 
Dodson, and its inclusion in the present 
text rounds out an already excellent book, 
making it outstanding as a textbook for 


college instruction and for practicing 
chemists. 

L. P. PEPKOWITZ 
AERIALS FOR METRE AND DECIMETRE 


WAVELENGTHS 


R. A. Smith—Cambridge University Press, 
New York. 1949. xii+218 pp. $3.75. 

This small but most excellent book, one 
of a series on Modern Radio Technique by 
various British authors deals with its subject 
in a thoroughly able and authoritative man- 
ner, albeit somewhat more briefly than most 
radio engineers would prefer. The author 
has arranged his material in a very logical 
manner and writes in a style that is easy to 
read and understand. For the most part he 
avoids nonessential mathematics—a _ diffi- 
cult procedure in this highly mathematical 


field—and yet does not hesitate to employ 
integrals whenever their use will contribute 
to clarity or usefulness. 

The first five chapters cover fundamentals 
common to all aerials in the meter and 
decimeter range, with a particularly excel- 
lent chapter on the fundamental theory of 
radiation. Following chapters deal with 
specific types of aerials, and the book closes 
with an excellent chapter on noise in aerials. 
The references listed at the end of each 
chapter are particularly well chosen and 
cover the field thoroughly. This is a wel- 
come addition to the technical literature of 
radio engineering. 

C. A. PRIEST 


INDUSTRIAL ELECTRONICS 
Andrew W. Kramer—Pitman Publishing 
Corp., New York. 1949. xi+311 pp. $6.00. 

In recent years there has been increasing 
application of electronic control and meas- 
uring systems in manufacturing. Nearly 
every branch of industry now depends in 
some way on electronic devices. 

However, there are still many unsolved 
problems to which electronics may offer a 
solution. The purpose of this book is to 
stimulate interest in electronics among 
those concerned with such problems. In- 
tended for those who have an engineering 
background but are not primarily engaged 
in electronics work, it is a nonmathematical 
treatment of the subject, with very careful 
explanation of fundamental concepts. 

In a logical order, the author makes sure 
that each concept is thoroughly understood 
before introducing any new ideas. Although 
a few points seem a little over-emphasized, 
in general he has made an excellent selec- 
tion of topics and handles them very well. 


Over half of the book is devoted to explain 
ing the fundamental concepts; some of tha 
explanations are excellent and worthy of 
study by experienced electronic engineers, 
The remainder of the book is devoted to a 
brief survey of specific applications off 
electronic systems. 

Even though credit is given for sources, 
it is to be regretted that a more complete 
bibliography is not included. Diagram ani 
figures are simple and clear. 

In general this is an excellent book and 
fulfills the purpose for which it was in4 


tended. 
T. M. WiLtson 


AN INTRODUCTION TO THE MECHANICS OF 
Viscous FLOW 

H. F. P. Purday—Dover Publications, Ine.,. 
New York. 1949. 191 pp. $2.75. 

Three subjects are covered here: the 
mechanics of nonturbulent flow; the flowy 
of heat by conduction; and heat transfer 
between solids and fluids in nonturbulent 
flow. The treatment is mathematical and 
intended to show the underlying similarity, 
of the three subjects. 

In this pocket-size book, published in 
England as Streamline Flow, only a highly, 
condensed treatment has been possible. Ass 
a result, considerable study is required in itss 
use, and its principal value is as a handy-- 
sized reference work. 

Chapter themes include: viscous flow ini 
pipes and channels; viscous flow between} 
fixed parallel planes; films of varying thick-- 
ness; sliding pads; journal bearings; viscous ; 
resistance of bodies; the flow of heat;; 
boundary convection; convection in depth; ; 
orthogonal functions; and equations of flow. . 

Donap F. WILcock ¢ 
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One of two 66,000, 215,000 grd Y—60,000 grd Y—12,000 volt, 60 cycle é 
power transformers built by Canadian General Electric for the Horne 
Payne substation of B. C. Electric Railway Company. 


Iu Cauada... 


Eleven factories manufacture 
General Electric products. 31 
engineering and sales offices 
and 26 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO 


LIMITED 


Head Office - Toronto—Sales Offices from Coast-to-Coast 
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PULSE TRANSFORMERS... 
MIDGET OR GIANT 


A six-inch midget and two-foot giant, both are examples of 
G.E.’s family of oil-insulated, hermetically sealed pulse trans- 
formers. General Electric has built units with peak voltage 
tatings of from 10 to 100 kv and over, peak power ratings up 
to 30 megawatts, for pulse durations of from .05 to 20 micro- 
seconds and repetition rates up to 10,000 pps. Oil filled units 
have also been used for lower voltages to minimize internal 
corona. Typical applications: pulse voltage step-up or step- 
down, impedance matching, phase reversing, and transmitter 
plate-current measurement. What is your requirement? Write, 
giving complete details, to Power Transformer Sales Division, 
General Electric Co., Pittsfield, Mass. 


EXTERNAL THERMOCOUPLES 


RATINGS 
100 MA TO 
25 AMPS 


RATINGS 
25 TO 
300 AMPS 


THERMOCOUPLE 
(RF) METER 


ACCURATE RF MEASUREMENT 


100 MA to 300 AMPS 


The new, sturdy, and easy-to-read G-E panel instruments are 


available for measuring r-f from 100 ma or less to 300 amps. 
R-f meters are usually supplied with internal thermocouples, 
but for applications where remote location of thermocouple 
is required, or for measuring extremely high currents (over 
20 amps), external units are available. For complete data on 


‘these or other G-E panel instruments for a-c, d-c, or a-f, see 


Bulletin GEC-368. 


July, 1950 


ON G-E COMPONENTS 


GENERAL ELECTRIC REVIEW 5 


TIMELY HIGHLIGHTS 


a ee er rr er 


New 7 OR COMPACT DESIGNS 

* MINIATURE RECTIFIER CELLS 
Here’s a new series of rectifier cells that can help you 
fit your circuit into a smaller space. These new “K- 


type’ cells may be used to replace tubes for dual- 
diode, voltage-doubler, and blocking applications. 


The cells are built with a new G-E evaporation 
process which makes for long life and stable output. 
Forward resistance and back leakage are low. Stand- 
ard cells are moisture resistant, special units are 
hermetically sealed. All have a %-inch diameter and 
can be mounted as easily as an ordinary resistor. 
Circuits: half-wave, center tap, or bridge. Ratings: as 
high as 40 RMS volts input, 56.5 maximum inverse 
peak volts at 10 d-c ma. Data in Bulletin GEC-655. 


—=-—---------———--4 


General Electric Company, Section £667-6 
Apparatus Department, Schenectady 5, N. Y. 


Please send me the following bulletins: 


eoetil GEA-1497 
eee GEA-3643 
[ch GEA-4888 
ee GEC-368 
(eee | GEC-655 
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Indicate Terminal boards 


for 


reference 


only 


Indicating lamps 
Switchettes 


Panel instruments 


immediate 


project Rectifier cells 
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High Pressure or low, there is a 
Giannini precision pressure transmitter 
that meets your requirements for remote 
indication, recording or control. 

From less than 1 up to 10,000 psi, with 
various types of resistance and inductive 
output values, Giannini precision pres- 
sure transmitters are designed to with- 
stand extremes of acceleration, tempera- 
ture, vibration, while at the same time 
retaining their accuracy and their fast 
response characteristics.’ They are stand- 
ard with the Leaders.’’ Write for booklet. 


G. M. Giannini & Co., Inc., Pasadena 1, California 


oe 40,000 cycles 


Tape recording is superior to all other re- 
production methods and '‘AMPEXED TAPE" 
has the greatest fidelity and range now possi- 


ble. Simplified operation plus sure results make 

AMPEX unexcelled for all critical recording uses. 
Dual tape speeds with automatic speed and equali- 
zation change is but one of many exclusive AMPEX 


features. Unequalled for 
TELEMETERING © BROADCASTING © RESEARCH 


STANDARD OF 
THE GREAT 
RADIO SHOWS 


ER 


° RECOR 


° PLAY BACK 
MODEL 300 


Price $1575 
(f.0.b. San Carlos) 


Meter Control 


Panel 


$114 Extra 


AMPEX ELECTRIC CORP., San Carlos, California 
Without obligation please send 16-page illustrated 
booklet containing technical specifications of Ampex 
Magnetic Tape Recorders. 


NAME. 


ADDRESS. 


CITY. 1 0 Se aoe ene 
Our need is for: 


O 


Laboratory Research (_] Telemetering 
Multi-Channel Recording [_] Industrial Recording 
Recording-Broadcasting [_] Aerophysical Research 


AV “YW ELECTRIC CORPORATION 
AMPED SAN CARLOS, CALIFORNIA 
\ 


DEALERS IN PRINCIPAL CITIES 
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| LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


AIR CONDITIONING 


AIR CONDITIONING. J. CC. McCabe. 
Power, Apr. 1950; v. 94, p. 75. 


A special section devoted to principles, 
equipment, and operation. 


REFRIGERATION AND THE WATER SUPPLY 
InpustrY. Elwood L. Bean. Refrig. Engng., 
Feb. 1950; v. 58, p. 140. 


Considers the effect of the growing water 
shortage in many U.S. cities and the 
serious shortage now existing in New York 
City on existing and future installations 
of refrigeration and air-conditioning 
equipment. 


BEARINGS 


BEARINGS FOR INTERMITTENT, OSCILLATORY 
Motion. R.R. Bush. Mach. Design, Jan. 
1950; v. 22, p. 117. 
Describes bearings for power circuit 
breakers, with special reference to Texto- 
lite bearings. 


CONSTRUCTION AND CHARACTERISTICS OF 
Low-cost Batt BEARINGS. F. W. 
Rechnagel. Prod. Engng., Jan. 1950; v. 21, 
p. 106. 


How to select low-cost commercial ball 
bearings for various speed and loading 
conditions. Classification of standard 
types for radial and/or thrust loads. 
Modifications that can be made for special 
design, assembly, or operating conditions. 


ELECTRIC CURRENT RECTIFIERS 


D-c Arc SourcE AND AUTOMATIC COoN- 
TROLLER. G. H. Fetterley and W. M. 
Hazel. Optical Soc. of Am. Jour., Feb. 1950; 
v. 40, p. 76. 


Describes a rectifier circuit as an effective 
source of direct current up to 45 amperes 
at 150 volts and an automatic current- 
controller circuit. 


METALLIC REcTIFIERS: IS PooR TESTING 
RAIsING Your Costs? Edgar A. Harty. 
Factory Man. & Maznt., Feb. 1950; v. 108, 
p- 115. 


Describes the assembly of stacks, testing, 
replacing stacks, and reasons for failure. 


ELECTRICAL MACHINERY 


DESIGN OF PURGING SYSTEMS FOR HypDROo- 
GEN-COOLED ELECTRIC MACHINES. Dts: 
Snell and R. C. Schmid. Power Gen., Feb. 
1950; v. 54, p. 54. 


A complete description of the methods 
which have been developed for the purg- 
ing of hydrogen-cooled electric machines 
by the use of carbon dioxide, with all 
the necessary technical data on the char- 
acteristics of the fluids involved under 
various conditions of pressure, tempera- 
ture, and mixture. 


“Hor Spor’ Morors. C. R. Suther- 
land. Elec. Mfg., Mar. 1950; v. 45, p. 94. 


Cooling by either water or air, shielding 
from radiant heat, use of low heat-trans- 
mitting shaft material, proper bearing 
design, and choice of lubricant are some 
of the means described to assure depend- 
able operation of motors for high-tem- 
perature machinery drives. 
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FOUNDRY PRACTICE 


CoNTINUOUS CASTING OF BRASS SLABS. 
Harold J. Roast. Metal Prog., Jan. 1950; v. 
57, p. 51. 


Describes the operations of a new mill for 
the production of coiled brass strip in 
extra-long lengths. 


CupoLta Dust COLLECTION. William N. 
Witheridge. Foundry, Feb. 1950; v. 78, p. 
84. 
The first of two articles on the subject of 
cupola dust collection; discusses proper- 
ties and quantities of emissions from the 
cupola under various operating conditions. 


MEASURING INSTRUMENTS 
ELECTRONIC PRESSURE AND DISPLACEMENT 
INSTRUMENTS. Diesel Power, Feb. 1950; 
v. 28, p. 49. 


Describes the Electro Pressuregraph for 
measuring pressure variations in internal 
combustion engines and pumps whose) 
duration is as brief as 0.001 second. 


How To COMPARE COUNTERS. Alexander: 
Thomas. Nucleonics, Feb. 1950; v. 6, p. 50. 


The comparison of sample and background: 
measurements—made easy by the equa-: 
tions given in the article—is emphasized. 


TRAVELING-WAVE OSCILLOSCOPE. J... He 
Pierce. Electronics, Nov. 1949; v. 22, ps 
97. 


Experimental 1000-volt tube, developed 
especially for examination of short re- 
current pulses, has almost flat response 
from 0 to 500 mc. Optical magnificatiom 
of the pattern is employed. 


STEEL 


New METHODS FOR DETERMINING PHOs- 
PHORUS IN STEELS. Steel, Jan. 30, 1950; v. 
126, p. 46. 


Includes spectrographic method using 
Geiger photoelectron tubes, recently. 
adopted for production control of phos+ 
phorus in steels. 


NEw PRECIPITATION-HARDENING STAINLESS 
STEELS. G. N. Goller and W. C. Clarke, Jr1 
Tron Age, Mar. 2, 1950; v. 165, p. 86. 


Describes two new steels, 17-4 PH ana 
17-7 PH, employing copper and alumii 
num instead of carbide formers as pre 
cipitation-hardening elements, for corro¢ 
sion resistance plus high-strength proper 
ties. 


WELDING 


WELDING IN AN AIRCRAFT-ENGINE PLANT” 
George H. DeGroat. Mach., Feb. 1950; v. 56 
p. 153. ‘ 
Describes techniques employed by onf 
manufacturer in fabricating the velocitt 
turbines for the turbo-cyclone engine. 


WELDING STAINLESS-STEEL PIPE. Alle 
J. Ely, Jr. Heat. & Vent., Feb. 1950; v. 47% 
p. 63. 


Part 1 of a two-part article covering basis 
information regarding the welding c 
stainless-steel. pipe and factors to bl 
considered. 
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